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<a ABOUT 
CC! 


me JrIC 





The laternational Ferrocement Information Center (IF IC} was founded in October 1976 at 
the Asian Institute of Technology under the joint sponsorship of the Institute’s Division of Siructural 
Engineering and Construction and the Lebrary and Regional Documentation Center. IFIC was 
established as a resuit of the recommendations made in 1972 by the U.S. National Academy of 
Sciences Advisory Commitiece on Technological Innovation (ACTI). [FIC receives financial support 
from the Canadian International Development Agency (CIDA), Government of France, and the 
international Development Research Center (IDRC) of Canada. 


Basically, (FIC serves as a clearing house for information on ferrocement and related materials. 
in cooperation wilh national societies, universities, librarics, information centers, government 
agencies, research organizalions, engineering and consulting firms all over the world, IFIC attempts 
to collect information on all forms of ferrocement applications either published or unpublished. This 
information is dentihed and sorted before it is repackaged and disseminated as widely as possible 
through IFIC’s publications, reference and reprographic services and technology transfer 
activities. All information collected by IFIC arc entered into a computerized data base using ISIS 
sysiem. These information are available on request. In addition, IFIC offers referral services. 


A quarterly publicauon, the Journal of Ferrocement, is he main disseminating tool of FIC. EFIC 
has also published the monograph Ferrocemeni, Do It Yourself Booklets, Slide Presentauon Serics, 
State-of-the-Art Reviews, Ferrocement Abstracts, bibliographies and reports. FOCUS, the 
informauon brochure of IFIC, is published in 19 languages as part of IFIC’s attempt to reach out 
to the rural areas of the developing countries. IFIC is compiling a directory of consultants and 
ferrocement experts. The first volume, /nfernational Directory of Ferrocement Organizations and 
Experts 1982-1984, is now available. 


To transfer ferrocement technology to the rural areas of developing counuries, IFIC organizes 
training programs, s¢minars, sludy-lours, conferences and symposia. For these activities, IFIC acts 
as an initiator; identifying needs, soliciting funding, tdenufying experts, and bringing people together. 
So far, IFTC has successfully undertaken training programs for Indonesia and Malaysia; a regional 
symposium and training course in India; a seminar to introduce ferrocement in Malaysia; another 
seminar to introduce ferrocement to Africans; sludy-tour in Thailand and Indonesia for Afmcan 
officials; the Second International Symposium on Ferrocement and a Short Course on Design and 
Construction of Ferrocement Structures. Currenily, IFIC ts involved in establishing the Ferrocement 
Information Network in Asia and Africa. IFIC has organized the Ferrocement Corrosion: An 
[nternational Correspondence Sympostum. 


Ws 
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The hist use of ferrocement was Lambol’s boats for his 
horticultural garden pond in France in i848, Ferrocement has inade 
tremendous strides since then, and a number of factors, such as the 
ACI “Guide for the Design, Construcuion, and Repair of 
Ferrocement”, indicate this progress 1s accelerating. Yel dispite this 
favorable growth, the marine application of ferrocment has lagged 
behind its progress on land. Although ferrocement is widely used for 
marine applications in several countries, majority of marine structures 
have been built primarily of steel. Perhaps the factors accountable for 
this predominance have been the quality and quantily of research and 
development in design, fabrication and construction for steel 
structures. The comparative deficiency of knowledge for ferrocement 
represents an obstacle to the more effective and extensive use of 
ferrocement for marine applicauons, The objectives of this special 
issue arc ta focus attention inthe development on marine applicalons 
of ferrocement and to encourage ferrocement researchers and 
engineers 10 upgrade the level of ferrocerment marine technology. 


One major aspect of the marine applications of ferrocement is 
construction procedure, The effective use of the material requires a 
greater understanding of the design and construction techniques. 
Economy depends on the practicability and cost of construction and 
these in turn depend on the methods selected and developed. 


The papers in this special issue include experience from China, 
Cuba, Indonesia, Thailand and Vietnam. The papers from China 
consider construction procedure and summarize the applications for 
the last thirty years. Recent developments in Cuba, Indonesia, 
Thailand and Victnam are also reported. This issue may serve as a 
guide lo past practices and a stimulus to the development of new and 
beltcr methods. 


The Editor 


1¥ 
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Factors Influencing the Durability of Ferrocement 


D. Alexander* 


Corrosion of the ferrocement mesh has affected several ferrocemeni structures. A 
knowledge of the factors influencing the durability of ferrocement is indeed vital. In this paper, 
the durability factors for reinforced concrete are first presented. Based on the discussion of 
reinforced concrete durability, the factors influencing the durability of ferrocement are set forth. 
The behaviours of reinforced concrete and ferrocement with regards to the phenomenon of durability 
differ only in the degree of protection provided by their assembly. The superior resistance of 
ferrocement to invading acid tons and gaseous CO, is probably due to the use of galvanized 
steel, fine grained well-graded sands, iow water cement ratios, chemical neutralization by the 
aikalinity of rich mortars, and to compaction which ts readily obtained as a consequence of the 
reduced mass of the ferrocement. [n contrast, reinforced concrete uses coarse aggregate which 
makes void filling more difficult, lower cement ralios which may reduce the alkali content and 
greaier mass which within the limits of economic constraint makes the probability of full 
compaction less likely. 


INTRODUCTION 


As a consequence of the importance of reinforced conerete as a structural maternal, there is a 
large number of analytical and theoretical work supporting protective measures which are 
singularly directed toward the reduction in permeability of the concrete with the chosen 
thickness of cover reflecting the degree of permeability of the concrete. 


Because of the great disparity in thickness of cover in reinforced concrele and in 
ferrocement, there are some arguments that ferrocement differs from reinforced concrete in 
its behaviour. However, the constituents of both composites are identical and it is likely that 
they differ only in the degree of protection provided by their assembly. The superior resistance 
of ferrocement to invading acid ions and gascous CQ, is probably due lo the use of galvanized 
steel, fine grained well-graded sands, low water cement ratios, chemical neutralization by the 
alkalinity of rich mortars, and to compaction which is readily obtained as a consequence of the 
reduced mass of the ferrocement. In contrast, reinforced concrete uses coarse aggregate which 
makes void filling more difficult, lower cement rauios which may reduce the alkali content and 
greater mass which within the limits of economic constraint makes the probability of [ull 
compaction less likely. 


This paper outlines the pracuce of using thick covers in reinforced concrete because of is 
much wider and longer-term use thal gives a greater insight into the phenomenon of 
durability. Based on the durability of reinforced concrete, the reststance of ferrocement against 
corrosion is discussed. 


* Principal, Alexander and Asseciales Consulting Engunecenng, Auckland, New Zealand. 
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DURABILITY FACTORS FOR REINFORCED CONCRETE 


The model used in considering the structure of reinforced conercie contains pores and capillary 
channels which provide routes for the diffusion of moisture and gases, and for acid ions carried 
by the moisture. When the acid ions reach the siee!, the condition for corrosion exists but the 
severity of attack will depend on the concentration of ions and the presence of oxygen. The 
ingress of moisture generally comply with Ficks Law of diffusion, but the diffusion of ions and 
gases arc probably more tenuously reiated. However Weycrs and Cody [1] contend that the 
diffusion of chloride ions also complies with Ficks law, 


The different rates of diffusion of CO, and chloride ions in the presence of watcr and the 
arrest of CO, by the neutralisation process indicate that physical and chemical conditions 
impede diffusion. In the case of CO, the higher capillary force of water results in preferential 
pore filling by water and impedence of CO, diffusion. [tis noteworthy to mention that the greater 
mobility of the chloride ion is observed in a sharp rise in concentration of chloride ahcad of the 
carbonation front followed by attenuation [2]. 


While the high concentration of hydroxyl ion is shown to ncutralize CO, [3], the reaction 
wiih the chloride ion ts obscure. Browne [2] stated that hydrated cement proviccs a 
reservoir of alkali to "mop up" penetrating chloride but Mchta and Gerwick [4] asserted that 
there is no change in pH in the presence of the chloride ion which is gencrally assumed to 
depassivate the insoluble oxide film on the steel by mechanisms not ycl established. They stated 
that the diffusion of moisture persists while capillary channels exist, bul that diffusion of 
chloride ions is impeded when the channel space fails below a cniucal width [4]. Browne 
stated that silanes line, the capillary channels and pores inhibit the ingress of the chlonde 
ions which confirms that diameter is imporiant in the diffusion process [2]. It is considercd 
that tricalcium aluminate reacts with chloride ions to form an_ insoluble precipitate which 
must further block diffusion (5}. 


The above effects could be monitored by measuring the difference between the moisture {ront 
and that of the chloride but present permeability determinations are not designed to evaluate 
them. The influence of permeability is clearly recognised by certain codes of practice, viz. 
BS 8110, but only in’ terms of grades of concrete which assumes that the permeabilily 
decreases progressively with increasing strength of ihe concrete. Thus durability is primarily 
defined in terms of permeahillly. 


The basis of these assumptions has been clearly established for the major factors influencing 
durability and emanates from the proposition that concrete reaches maximum strength when it ts 
void free {6]. Thus plots of strength versus degree of compaction and the usc of void fillers 
such as polymer, silica fume, globularized fats, etc. show similar beneficial relationships. Curing 
under waler greatly improves the impermeahility of surface layers [7] but accelerated curing 
increases porosity [4]. 


The factors affecting durability are as follows: 


Influence of hydroxyl ion concentrations using different coment types, 
Influence of hydroxyl ion concentration duc to different ecment contents. 
Incidence of capillary voids at different water to coment ratios. 

Effect of compacuon intensity on permeability. 

Influence of curing cycles on permeability. 

Effect of silica fume on void filling. 


elle 
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7. The effect of the ticalcium aluminate content. 

8. Polymer additions to concrete. 

9. Effect of surface coatings including penctrant-type solutions (c.g. silanes). 
10. Cathodization. 
11, Temperature effects. 

12. Protective coatings on reinforcement, 


The many factors which affect the corrosion susceptibility of the steel underlines the 
complexity of the problem of specification. A relatively simple solution would be to specify 
mandatory permeability tests to be carmed out after completion of the structure. The tests 
would be specific not only for moisture but also for harmful agents carried by the moisture. 
Some care would be needed to ensure that such tests represented real conditions. For instance 
ina series of diffusion tests cared out [7], it is observed that employing a7% CO, pressurized 
gascous almosphere and a 60% relative humidity,CO, penetrated 15 mm into the ferrocement 
specimens over the nine week period of the accelerated testing. It could be argued thal the 
comparatively dry condiuions used in the tests permitted deep carbonation which, in the 
absence of moisture, would not lead to corrosion. If, however, moist conditions existed, then it is 
likely that CO, would be precipitated as carbonate effectively stopping diffusion of CO, to the 
depths recorded. 


REPORT ON LONG TERM EXPOSURE OF FERROCEMENT SPECIMENS 


Before proceeding to the discussion on the durability of ferrocement, report on the 
examination of experimental test plates after a 10.4 year exposure to weather in a moderaicly 
severe coastal zone environment is given. 


The experimental plates, cast to explore the properties of high tensile wire reinforcement in 4 
3% fibre mortar, were used in a flexural test [8]. Plain and galvanized wire reinforcements, 
2mm and 2.5 mm respectively, were laid up in layers at 25 mm spacing between wires. The 
concrete compressive failure stress of the plates was between 48 MPa and 54 MPa. They were 
deflected to a constant point loading and after unloading showed crack spacings of 18 mm-22 mm 
and crack widths of approximately 0.05 mm which are generally sub-visual except when wetted. 
A few wider cracks with a widih of 0.07 mm to 0.13 mm occurred in the vicinity of the load 
points. Although the material differs from mesh reinforced ferrocement its physical behaviour ts 
similar and it is considered that it would reasonably model the corrosion behaviour of the mesh 
form. 


Examination Procedure and Results 


The plates selected for examination were locally pulverized to expose the reinforcing stecl 
and fibres in the region of cracks. Observations were carried out in three such regions. 


Region 1 — where crack width > 0.07 mm occurred. 
Region 2 — where crack width > 0.05 mm occurred. 
Region 3 — where no cracks were observed. 


The results of the examination are given in Table 1. 


Zone 3 
Piate 2 
Zone | 


zone 2? 


Zone 3 


Wire-frbre 
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Table 1 Results of Crack Examination. 


2mm plain HT wire; 3 mm cover 


Corrosion observed at intersections with crack width > 0.07 mm; pitting had 
commenced. 


Incipient corrosion observed at the sites of fine but visible cracks, No visible 
corrosion observed in sub-visible crack zone. However, on re-examination four 
weeks later, fine line marking had occurred on the lines of fine cracks adjacent to 
the coarse crack zone. These markings showed little corrosion in contrast to the 
rest of the wire where rusting had occurred due to exposure to the atmosphere. 


No visible corrosion. No differentiation on re-examination. 
2.4mm HT galvanized wire: 3 mm to 4 mm cover 


One single pil type corrosion observed on one wire in a crack width > 0.12 mm 
zone, No other corrosion observed in this coarse crack zone bu! on re-examination 
four weeks later, slight line corrosion was observed under X15 monocular 
magnification where the crack intersected the wires. It can be assumed thal the 
galvanized coating at these points had been largely consumed during the 10) year 
exposure. No markings were observed in less-width coarse cracks. 


No allack observed either visually or on re-cxamination with X1S monocular 
magnifier. 

No attack observed. It was noted that the sample plaies and all other plates had 
their fine cracks filled with a white substance. At 5 years exposure this ettect 
was not noted and plates then had to be wetted to distinguish the cracks. Short 
sections of unfilled crack were locatable with X15 magnification, 


The ungalvanized wire fibres were totally uncorroded in all pulverized samples 
up to near surface {I mm) Jocations, [ft was not possible to examine fibres from 
the crack zone but it seems certain that some corrosion would have occurred in 
crack sites. As the plate no, 1 carrying plain HT wire showed the same characterisuc 
absence of corrosion, it seems cathodic protection was not a factor. 


The conclusions drawn from the observations are: (1) Corrosion attack appears to be 
limited to crack zones. (2) Galvanized wure is significanily superior to plain wire in crack sites. 
The author reported further durability observations on warped plate tanks (9] some of which have 
now been 10 years in service. These tanks have a 22.5 m* capacity and are formed (after curing) 
from 10 mm thick high tensile wire reinforced fibrous ferrocement plates. When formed into 
tanks the plates show a pattern of just-visible cracks completely around their outer surface at about 
18 mm spacings. Destructive testing has not been possible but the tanks show no distress. 


DURABILITY OF FERROCEMENT 


Based on the discussion on durability of reinforced concrete, the protecuon of the steel is said 
to result substantially from ithe degree of impermeability of the concrete which in turn has been 
related to the compressive strength of the maierial. 
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The main line of defence against corrosion in concrete is the provision of substantial covers to 
the stecl, although in many codes these decrease with decreasing permeability measured in terms 
of compressive strength. These covers remain substantial. 


With ferrocement, covers arc minimal, usually between 2 mm to 4 mm. While the permeability 
of fcrrocement may be relauvely low when well graded sand, high cement content and low water 
ralios are used in conjunction with good compaction, evidence does not show that these requirements 
are effective in reducing the long term diffusion of moisture, CO, or chloride ions to depths below 
than that of the usual 2 mm to 4 mm of cover. 


A study on depth of carbonation [7} shows that CO, penetration reached depths of 5 mm to 
15 mm for a fifteen year equivalent exposure with the lower figure applying to specimens with 
coated surfaces, 


Despite this, there is widespread evidence of long term durability of ferrocement. The 
results of a ten year examination of cracked test plates discussed earlier showed no deterioration 
in sub-visual crack zones or uncracked zones of specimens containing galvanized wire. 


This does not imply that all ferrocement structures are durable. The result of an 
examination by Trikha et aJ. [10] on several ferrocement structures showed substantial corrosion 
of the ferrocement mesh. However, even in these cases the reduction in strength was of the order 
of 1 1/2% per annum from which it was concluded that the effective life on the structure 
would extend well beyond a fifteen year term. 


One of the difficulucs of adopting permeability criteria is that testing is normally carried out 
on uncracked sections which may serve the monitoring of reinforced concrete; but ferrocement is 
designed cracked and exhibits a multiplicity of cracks when subject to working siress and should 
be tested in this state unless cracks are shown to have litile influence on corrosion performance. 


For reinforced concrete, Beeby [11] suggested that cracks are not a dominant factor in corrosion, 
but Mechta and Gerwick [4] showed that crack development contributes to corrosion susceptibility. 
Brozent ¢t al. (12) showed that a marked increase in diffusivity occurs with cracking while 
the examimation of test specimens after the ten-year exposure reported carlier in this paper 
showed corrosion of ungalvanized wires to be confined to the crack zones, and of galvanized 
wire lo the coarse crack zone. 


It has been shown [13] that in prestressed slabs, corrosion is virtually non-existent in crack 
width less than 0,05 mm and non-existent in uncracked zones with 50 mm cover when subjected 
lo cyclic exposure to salt solutions. 


In the context of relative immunity to corrosion, there are two important differences belween 
rcinforced concrete and terrocement: 


]. The reinforcement in ferrocement is historically galvanized, aluhough the ACT Committee 
549 docs not make this mandatory and suggests it is nol necessary in cement nch mortars. 

2. With ferrocement the mortar is cement rich and will therefore have greater reserves of 
alkalinity. 


Evidence of the effect of pH is confusing but Hope and Ip [14] suggested that the pH is 
not affected by the chloride ion concentration. However despite this experimental evidence, it 
is unlikely depassivation of the stee} would occur without a drop in pH [14]. 


The part the hydroxy! ton concentrauon piays in the reaction between chloride and tricalcium 
aluminate to form an impermeable precipitate has not been fully established. The product of this 
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reaction should provide some biocking of pores, 


This latter effect is obviously ineffectual in reinforced concrete but the finer capillary and 
pore structure of ferrocement may permit this function. The apparent deep penctration of CO, in 
ferrocement [7} would not appear to support this thesis but the observation of that study may be 
invalid in the general case as the infusion of CO, was camed out in dry conditions, 


Ii is stated [15,16] that the strongly cathodic protection afforded by galvanized surfaces 
causticizes the wire environment precipitating chlorides as chloro-aluminate salts. 


In secking an explanation to the comparative immunity of ferrocement to corrosion, the 
evidence shows that although chloride and CO, will penetrate to depths below the level of the 
reinforcement, they may not activate corrosion unless oxygen coexists. There is also evidence 
that corrosion in narrow cracks docs not proceed because of an absence of oxygen [12] although 
lhis absence does not seem likely at the shallow sites of cracks intersecting the steel reinforcement. 


IL may be conjectured that at the boundary of the mortar surrounding the steel reinforcement, 
ihe diffusion characteristics are influenced by chemical reactions arising from the onset of galvanic 
acuvity. 

The rationale of this layer lies in the much greater volume of influence created by the fine 
subdivision of the reinforcement in comparison to thal of reinforced concrete. Thus ferrocement 
may consequently contain a greater quantity of reactive material of a type that promotes pore 
blocking, This function could also be invoked extraneously by the addiuion of globularized fats, 
silica fume, polymers, ctc., bul these substances are ineffectual in arresting corrosion in crack 
zones. Where galvanized stecl is used the cathodic nature of the coating may create a caustic 
plenum to the shallow reinforcement which would be evident at crack sites as well as internal 
sites. A study [14] concludes that once chlorides have depassivated the oxide film, the pH at 
the steel surface drops to between § and 9, leaving the system open to ongoing corrosion, This 
may not occur if a high concentration of hydroxyl ion is built up in the crack zones by the 
cathodic action of galvanizing. Of interest is the observation that the fine cracks in the specimens 
reported earlier are now extensively filled with a white deposit which is probably the symptom of 
the often reported autogenous healing of cracks in ferrocement structures. 


CONCLUSION 


1. One mechanism accounts Jor the protection of the steel reinforcement in ferrocerment. 
Evidence however suggests that chemical and electro-chemical protection rather than physical 
attenuation of diffusion by depth of cover as in reinforced concrete, is the dominant mechanistn. 


2, The use of fine grained mortar designed to reduce the dimensions of the pore and capillary 
channel spaces should be maintained together with other devices assisting this process such as low 
watcr-cement ratios, thorough compaction in order to render the interstiual spaces more susceptible 
to pore blocking processes and a motst curing regime. 


3. A chemical environment conducive to neutralization of acid radicals entering the system 
should be employed. This is best accomplished by high cement content but the actual ratio will 
depend on the fineness of the sand used. ACI Committee 549, recommends a sand-cement ratio of 
1.5 t9 2.5, The composition of the cement may need to be specified in terms of available calcium 
and tncalcitum aluminate content in which event, cements suitable for use in rcinforced concrete 
may not be appropriate to ferrocement. The literalure generally indicates the beneficial effect of 
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the chloride alkali reaction but the author is unaware that the concentrations needed would in any 
event be related to the magnitude of the porosity and the channel occurnng in the conerete. 


4. Despite the evidence of protection of near surface fibres it may be that neither the fibre 
(where used) or reinforcement wires are immune to attack in a crack zone when the steel Is not 
galvanized. It can be concluded that insufficient hydroxyl ion is mobilized in these zones to afford 
protection by passivation. 


5. ACI Committee 549 recommends that cracking be limited to 0.05 mm width for outside 
exposures and to 0.10 mm for internal exposures. The evidence for the effectiveness of the former 
limit appears established but the permissiveness of the internal exposure limit has not been 
established in this review and has had doubts cast upon it [7]. 


6. It is not thought that devices such as polymer impregnation, or coatings, or surface 
impregnations by silanes would be effective in protecting the reinforcement if corrosion attacks at 
crack sites. The author's observations on coatings, especially elastomers such as chlorinated 
rubber, show fracture failure over time across both the visible and sub-visible cracks in the 
ferrocement, 


7, In many cases sealing of cracks can occur autogenously. Sealing can also be achieved by 
the use of impregnating solutions such as Protectasilane [17) after they have developed. 


8. The introduction of pore filling substances, such as globularized waxes, silica fume, etc. in 
ihe event that corrosion via cracks predominates but is prevented by subsequent crack sealing 
devices, contributes to an extended life. Neither device may be necessary. 


9. The fine subdivision of the steel reinforcement in ferrocement may create a much larger 
effective volume of boundary layer than that surrounding the large diameter rods used in reinforced 
concrete and could contribute to the greater chemical protection apparent with ferrocement. 
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Ferrocement Fishing Boat 


Oemar Handoyo" 


The demand for fishing boats to strengthen the growth of offshore fisheries is increasing, 
as a resuli, there is a meed to identify alternatives to wooden boats. The DTC-ITB has 
developed six types of ferracement boat ta answer this need The ferrocement fishing boats 
developed by DTC-ITB did not only serve as an excellent alternative to wooden beats but the 
technology is alsa found ta be appropriate for the Indonesian Development Pian. 


INTRODUCTION 


Development Technology Center (DTC), Institut Tcknologi: Bandung (ITB) has undernaken 
development research on ferrocement fishing boat since 1974. Six types of boat have been 
developed up to a total capacity of 22 000 kg (22 tons). The field applications of various 
type of boats, construction materials and method of construction was developed in the preceding 
years. The objectives are to answer the need for fishing boats that will strengthen the growth of 
offshore fisheries in Indonesia and to identify an altemmative to wooden boats. DTC-ITB 
developed prototype that can equal the scaworthiness and the safety of wooden boats and can 
promote the government program on preservation of natural environment. 

The recent industrial development in Indonesia made all constituent materials for ferrocement 
locally available, as they arc produced in Indonesia. The simple construction method of the 
ferrocement fishing boat make the development scheme fcasible. Local manpower can easily 
be tramed for the construction. The technology is appropriate for the Indonesian Development 
Plan. Based on those reasons, DTC-ITB developed the ferrocement fishing boat as an alternative 
lo wooden boat. 


FERROCEMENT FISHING BOAT 
Technical Details 


The following is the technical descripion of the boat adapted by DTC-ITB (Fig. 1): 


Overall lengih © 12,38 m 
Width : 2.70 m 
Freeboard : 0.67 m 
Height : L1lém 
Net height > 4.38 m 


* Research Stalf, Development Technology Center, Institut Teknologi Bandung, Jalan Ganesha 10 Bandung 
40132, Indonesia. 
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Hull thickness 

Longitudimal steel reinforcement 
Cross-sectional stee] reinforcement 
Hexagonal wire mesh 

Frame reinforcement 

Deck reinforcement 

Sand 

Cement-sand rauio 
Water-cement ratio 

Mortar crushed strength 

Engine 

Normal speed 

Maximum speed 

Cargo load 

Classification 
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25.4 mm 

6 mm diameter 

3.2 mm diameter, 100 mm spacing 
0.6 mm diameter, 12.7 mm opening, 8 layers 
9 mm and 6 mm diameters 

6mm diameter, 50 mm spacing 
conform to ASTM (C33-74a 

1:1.75 by weight 

0.35-0.40 

540 kg/cm? (52.97 MPa) 

Diesel 23 HP (Yamaha ME 120H) 

6.5 knots 

8.5 knots 

3000 kg (3 tons) 

Indonesia Classification Bureau (BKI) 


= Shope! ond surface oF 
Pag 


Inboard eng ne 


+ Continuous hull gna 
Agee strutlure 


Fig. 1. Feerocement fishing boat design adapted by ITM. 
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. y 


Fig. 2. The completed armature. Fig. 3. The completed hull. 


Construction Proceedures 

All drawings and specifications were prepared at DTC-ITB. The boat was constnicted 
without using mold (Fig. 2}. The first step is to fabricate the frames according to the full size 
drawing. When all frames have been fabricated they are then set up in their correct positions. 
Welding of the frame needs considerable care to ensure that the finished frame docs not get 
distorted. Then four layers of mesh is tied into both side of the frame. 


Plastering of the hull and the deck ts done in two stages (Fig. 3). This simple method avoid 
the need for heavy equipment and will allow the use of local manpower. Fig. 4 shows the 
relation between hull length and manhours needed. 





3 ae A Fibérgiggs sheeting 
= _5 Ferrocement 
oc F 4 
= = 2 
o 
ec 
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VE 
Hull length (m) Length {m) 


Fig. 4. Manhour relationship to the hull length. Fig. §. Cost of hull as function of length. 
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Table 1 Economic Analysis. 


Ferrocement Wooden boat 
Doal Small Big 

Number of nets (pieces) 30 20 30 
Engines diesel bensin dicse! 
Design hfe (years) 10 3-6 6 
Investment cost (Rupiah") (boat, engine, net} 18 9OO OK) 5 000 000 15 800 0(K) 
Caich per year (ton) 47.0 19.5 470 
Gross revenue per year (Rupiah’) 15 600 00 7 100 000 1$ 600 000 
Operational cost per year (Rupiah’) 10 350 000 5 500 000 10 300 090 
Net present value (Rupiah’) discount rate 10.4% 6 900 000 650 000 3 250 00) 
Interna] rate of return (%) 19.0 13.) 17.0 
Repayment period (years) 33 5.0 3.5 


* US$ 1.00 = Rupiah 1670 


Table 1 shows the economic analysis between a ferrocement boat and wooden boats. The 
analysis is based on a fishing boat using gill net and on prices in February 1983. Fig. 5 shows the 
cost of hull of different materials as a function of length. 


CONCLUSION 


The ferrocement fishing boats devcloped by DTC-ITB has been successfully used for fishing 
with gill net, fishing trap and trawl (Figs. 6-7), The 22 tons (22 000 kg} ferrocerment 
fishing boat, launched in June 1982, is in operation up to ihe present ume in the South Java 
Sea and West Sumatra Sea (Figs. 8-10). No problems have been reported. 





Fig. 6. Some ferrocement fishing boats made by DTC- Fig. 7. The seventh boat constructed by DTC-ITB. 
ITH. 


Journal of Ferrocement: Voi. 19, No. 3, July 1989 227 





Fig. 8. Launching preparations at Pclabuhan Ratu, Weal Fig. 9. The Samiaji during the fishermen’s day. 


Java. 
. | 
= 4h 











Fig, 10. The fourth boat made by DTC-ITB. 


ACKNOWLEDGEMENT 


The ferrocement fishing boat project channeled through the Department of Education and 
Culture, is registered in the National Planning Board as Project JTA-9(a)-4 and JTA-9(a)-81. 

ITB gratcfully acknowledges the technical aid from UNDP and from the Cooperation Project 
of DTC-ITB, TOOL and TH Eindhoven. ITB is also grateful for the support of the 


Government of the Republic of Indonesia, the Royal Government of the Nethertands and the 
District of Sukabumi., 


Journal af Ferrocemaent, Vol. 19, No.3, July 1989 229 


Ferrocement Floating Docks: 
A Solution for the Marina in Cayo Largo del Sur 


R. Pajon Brache* 


An economical solution for the construciton of light berths for pleasure crafts is described. 
This solution as applied to Cayo Largo del Sur, more than 100 lon far from the main Island of 
Cuba, increases in importance since tt greatly reduces the iransportation volume of construction 
materials in relation to the traditional berths. Some construction details, the general dimensions 
of the facilities, and the harmonization of the structures with the environment are shown, 


INTRODUCTION 


The Cuban tourist development includes the increase and diversification of facilities for the 
reception and attraction of tourists. 

With this objective, a hotel infrastructure is being constructed in Cayo Largo del Sur, a 
Cuban key whose geographic position, water wansparency, and beautiful beaches offer 
excellent conditions to develop a marina allowing the berthing of many pleasure craft sailing near 


it (Figs. 1-2). 





Coye Large del Sur 


20 





a4. a? BC 78 76 
Fig. 1. Map of Cubs, 


* Head of Design Team, Manne Works Depanment, Design Enterprise for Transport Works, P.O. Bos 60, 10100 
Hlavana, Cuba. 
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MARINAS 


The world tend in these faciliues was conceived with a large number of berths, where 
many services are to be supplied: water, electricity, fuel, food, maintenance, minor repairs, 
Hautical activities, ete. Currently the most advanced construcuon tchnology uses 
Noaung plastic pontoons, of Moating reinforced concrete boxes. And for long time now, 
designers of these facilities have already abandoned the idea of traditional berths with piles. 


PROPOSED SOLUTION 


The commonly used traditional berth structures, forming part of the Cuban construction 
practices, do not guarantee the beauty and aluraction required in a tourist area. Furuhermore, 
Cayo Largo del Sur is very far from the main Island of Cuba, and consequently all the 
consiruction materials are to be carried by ship. Hence it 1s necessary lo reduce volumes and 
weight in transportation, so as toreduce the costof the works being executed. 


Each traditional 10 m berth precast reinforced concrete or steel piles and cast in situ rcinlorced 
concrete beams consumes more than 8.0 m’* af concrete and & piles with 10 m-12 m length; in 
addition, the equipment and workforce necessary to carry oul the activitics of pile driving, cutting 
and levelling, assembly of formwork, positioning of stecl and placing of concrele, are all done 
with floating equipment. This technology when used in Cayo Largo de} Sur tums to be too 
difficult and expensive; the exccution of only one berth would cost more than 1000 Cuban 
pesos. 

Floating structures with fcrrocement pontoons use only 1/4 of the materials and anced only 2 
pics for each 10 m of berth, These piles are simpler than whose traditional ones, and 
consequenuy of lower cost and consumption of materials. 
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Fig. 2. Map of Cayo Largo del Sur. 
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Fig. 3. Topographic map of the marina. 


The general solution embraces the perimetral area of the marina, such that the natural 
coastal environment is not disturbed (Fig. 3). For that purpose a sidewalk covering the 
retaining structure is foresecn; tis front ts to be filled in order to shape the slope resulting from 
the dredging in that areca. 

The berth access is through a footbridge supporied on the sidewalk and on the first pontoon. 


The details of the ferrocement slab for the pedestrian pavement are shown in Figs, 4-7. 
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Fig. 4. Tranverse cross-seciion of the roadway. 
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Fig. 6. Dimensions and detail of the sonorous band. 
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Fig. 7. Details through secuion 1-1, 


The undoubted ease of execution and low cost of ferrocement berth, along with the possibilities 
to obtain a better finish, assures that a marina in Cayo Largo de! Sur could be built and will 


attract the attenuon of all visitors (Figs. 8-9). 
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CONCLUSIONS 


Ferrocement berths to be used for sport or tourist facilities offer the following advantages: 


1, 


2. 
3. 
4 


LAL 


Lesser consumptuon of materials. 
Easier execution, 
Lesser use of floating equipment and skilled labor. 


Better aesthetic and finish possibilities which allow greater harmonization wilh the 
environment in which they are being developed. 


More versatile and do not require extensive geotechnical studies. 


Possibility to develop and to enlarge this technology to be used in other nautical facilities. 
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Ferrocement Sheeting for Steel Hull 


Do Kien Quoc* 


A new technique using ferrocement for lining steel hull is presented. The construction 
procedures in treating a Steel vessel with corrosion problems is described, as applied to a 20) m 
long and 5 m wide steel vessel in Vietnam, It was shown that this method is economically 
feasible and could aiso be employed ta wooden vessels to protect them from the attack of 
SRIPworns, 


INTRODUCTION 


Majority of fishing vessels in Vieinam are made of stecl. Working in the environment of sca 
walter, the hull thickness is reduced rapidly due to corrosion. The thickness reduction may be as 
much as 3mm in some parts of the hull. Usually 20%-30% of the hull area must be replaced 
by new steel after one year of operation as it becomes 100 thin Lo be safc. This repair is costly 
since stecl is not locally produced in Vietnam. 


A new technique using ferrocement for lining a fishing vessel of 20 m length and 5 m width 
as first tried in May 1988. 


FERROCEMENT TREATMENT 


The steel hull was lined by ferrocement with a mean thickness of 14 mm on an arca of 200 m? 
(Fig. 1}. The ferrocement consisted of 2 layers of wire mesh 1 mm in diameter wilh opening 
10 mm x 10 mm at both sides and a layer of skcletal stcel bars 6 mm in the middle (Fig. 2). 





z. Steel hyli 


Fig. 1, Cross-section of the vesacl. 





*Lecturer, Polylechnic University of [Ho Chi Minh City, Vicinam. 
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Meshes = * Steel hull 


Ferrocement 





Fig. 2. Details of ferrocement lining over the hull. 


The lining procedure was carricd oul as follows: 


1, The parts of the steel hull with thickness less than 3 mm were replaced by new sieei with 
thickness 6mm. Wire brush was used to clean the steel surface. 


2. A wire mesh along the hull was applied and kept in the right position, then steel bars 
6 mm were attached along the mesh and welded to the steel hull gradually. The procedure was 
repeated again for other meshes from upper to lower parts. The welding length of 15 mm was 
repeated at distance of 100 mm to give sufficient bond between the ferrocement and the steel hull 
(Figs, 3-4), 


Bmm diameter = Welding 
ico | 
100 | 
tO 
Soa eS ee 
OO 


+h +k H 
4100.1 100} 100 | 190,100 | 100 4. 


All dimensions in mm 


Fig. 3. Attachment of the first wire mesh layer to the hell. 


3. The second layer of wire mesh was applied over the skeletal steel bars 6 mm and steel 
wires | mm were placed into the gaps between the bars and the hull to tie the meshes to the bars 
at distance of 100 mm. Mesh overlap was 80 mm. The ties were flaucned to the second mesh 
layer (Fig. 5). 


For the treated vessel, the time to finish the above steps was 20 days. 


4, Mortar was used to plaster the meshes. The application of mortar was divided into 
2 sleps: mortar was applied fully to the level of the second mesh Jayer and then covered with a 
thickness of 2 mm-—3 mm mortar finish. The total thickness of the ferrocement layer was 14 mm. 
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Fig. 5. The wire mesh in place. 


For the teated vessel, the morlar was designed to have sand-cement ratio of 1.7 and water- 
cement ratio of 0.4 by weight. 


Plastering was finished in 15 days with four plasterers and two helpers. 
5. Water curing was donc for a period of 14 days by keeping the ueated surface fully wet. 


Cost of treatment was equivalent to USS 3.2/m* {about 40% of the cost of the former 
procedure}. 
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The plastering period was carried out under strong sunshine during summer, hence mortar 
became hard to work with due to quick evaporation of water. To make mortar more plastic, 
the plasterers added more waler so the water-cement ratio was no longer 04 as designed. 
Excessive waler caused gaps between mortar and the steel hull! in some parts, and some very 
small cracks on the surface. These defects may reduce the waterproof ability of the ferrocement 
layer. However, the vessel has been operating safely on sea since June 1988 with some 
local corrosions that could easily be treated at sea. 


CONCLUSION 


The treatment is an alternative t deal with corrosion problem of stcel vessels. It is 
economically feasible if the procedure is to be strictly carried out. This ferrocement 
treatment could also be applicable to wooden boats and vessels tn order to protect them from the 
aitack of shipworms. 
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Ferrocement Vessels in China 


Editorial Group* 
Shanghai Ship and Shipping Research Institute 
Jiujiang Experimental Building Yard of Concrete Vessels 
Jiujiang Design and Research Institute of Concrete Vessel Engineering 


For ever three decades, ferrocement vessels have been widely produced and adopted in the 
People’s Republic of China. Its field of application has extended widely as well, Experimental 
researches have been conducted to develap mechanized methods of construction of the vessel, 
due to the steady prowth of production need. The modern production methods have improved 
ihe quality of the vessels, Several vessels, with their varying applications, are presented in this 
report. These ferrocement vessels have proved ta be technically and economically 
satisfactory. 


INTRODUCTION 


The development, production and wide adopuon of ferrocement vessels in the People’s 
Republic of China staned in 1958. During the past two decades, its production scale has 
been growing steadily, and the number of shipyards has increased remarkably. Accordingly, 
its field of applications has extended from rivers to the coast. At present, there are four categories 
of ferrocement vessels available, i.c. agricultural vessels, transport vesscls, work boats and 
fishing crafts. However, these boais are now used for a variety of special vessels. 


A series of standard design for ferrocement farm boats, for small (crrocement coasicr serics 
and for inland transport vessels have been drafted to meet the requirement of slandardization and 
product series. 


Based on experimental rescarch, mechanized methods of construction have been 
devcloped. The methods are mechanized moulding, vibro-moulding with inside and outside 
moulds, vibro-grouting with dry and hard grout, circular joints with anchored reinforcing bars, 
and bull assembly with prefabricated blocks, The modern production methods have, consequently, 
improved the quality of the vessels. 


AGRICULTURAL VESSELS 


In 1961, ferrocement agricullural vessels was initiated in Changjiang Della provinces. AI 
presemt, 20 provinces, municipaliucs and autonomous regtons are capable of producing 
ferracement agricultural vessels. In fact, in certain regions, ferrocement boats have completely 
replaced wooden boats. 


There are 100 types of [errocement farm boats in production in China (Figs. 1-9). The most 
widely adopted types arc the 1000 ke—-15 000 kg (1 1-15 0 manpowered farm boat, the self- 


* (0 Lane 694 Hansongyuan Rd., Shanghai, China. 
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1 


Fig. 1. An 8000-kp (8-1on}, 12.67 m farmbeal equipped Fig.2. A dual purpose 2 hp farmboat suitable for 
with 12 hp engine and adjustable pitch propeller, imgation and rural transport. 
suitable for agnculture and transport. 





Fig. 3. A 5.75 m, 500 kg (0.5 0) river sludge boat. fihas = Fig. 4. A 15 000 kg (151) manual sailing boat m Southem 
light hull and can be pulled by one man across China, suitable to transport agricultural products. 
field ridges. This is produced by vacuum moulding fi 
and is used in Guangdong Province. 





Fig. 5, A 5000 ke (5 t) farm boat used in Shanghai. Fig. 6. A 10 000 kg (10 0, 24 hp engine, used in the 
walerways network of Zhejiang Province 
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Fig. 7. A 40 hp agricultural wg boat in Shanghai, Fig. 8 A 17.12 m, 20 O00 kg (20 1} and 25 hp self- 
propelled farm boat. 





Fig. 9. A 15 dwi, LWL 1&6 m, 13.26 km/hr speed and 24 hp engine, self- 
propelled farm boat popular in Fuzhou City. It was produced by circular 
block method. 


propelled boats up to 40 hp for agricultural transport, the mulupurpose agricultural vessels up 
to 60 hp and the trrigation vessel. 


TRANSPORT VESSELS 


Ferrocement transport vessels are classified into freighters, including self-propelled 
barges (Figs. 10-21), passenger ships (Figs. 23-26), tug boats including push boats (Figs. 21-30), 
ferries (Fig. 31), barges including liquid cargo barges (Figs. 32-37) and traffic boats (Figs. 38-39). 
The inland river barges are widely used throughout the country. A 300 dwt ferrocement coastal 
freighter has been operating in coastal waters for 23 years. The hull of this vessel practically 
does not need repair. The hull is periodically examined and painted. 


To develop bigger transport vessels,’ prototypes were constructed of 3000 dwt coastal 
freighter, 1320 hp tug boat and the 500-person passenger ship for the Changjiang River. Based 
from this experience, ferrocement transport vessels not larger than 40 m are technically reliable 
and economically feasible. 
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Fig. 10, 


Fig. 12. 


The cargo ship "Gutian”, China's biggest coaster 
ferrocement vessel (99.1 m LWL, 14.5 m moulded 
breadth, 8.1 m moulded width, 5 773 000 ke 
(S773 t} in full load displacement and 13 
knots in speed) was in service in Fujian 
Province, carrying cargo (especially corrosive 
cargoes} between Chinese coastal harbors for 9 
years since 1975. The hull was built with large 
sized = thin web framing and post tensioned 
prestressed deck. [t was produced by sectional 
method of hull construction, moulding of 
high frequency vibro-grouting. 





“Minhai No. 167" ts China's first ferrocement 
coaster (38.85 m LWL, 7.4 m moulded breadth, 
3.7 m moulded depth, 330 dwt and 10 knots 
speed with a 306 hp main engine}. The ship has 
been in operation for more than 22 years on the 
Fuzhou-Shanghai roule and Xiamin-Hong Kong 
route. Its hull has not yet been overhauled and its 
anti-corrosion coating is still intact. 





Fig. 14. 


“Checiji No. 7" has 150 000 kg (150 t) payload 
capacity and is popular among operators. 


Fig. 11. Since 1984, small cargo coasters (32 m icngth, 


2.25 m draught, 2.75 m depth) have been 
built in Fujian Province. At least 30 of this type 
have been completed and pui into service. The 
ship is prefabncated in segment and then 
assembled. To assure the quality of the ship, 
mortar plasienng of the entire hull is cared 
out under high frequency vibration. Ii is 
reported that the initial cost per dead ton weight 
of these ferrocement ships 1s 42% less than that 
of steel] ships of the same lonnage. 





Fig. 13. ‘The cargo ship "Zhehuvangji No. 3” with 200 000 


kg (3001) payload capacity, was constricted in 
accordance to the standard design CB3085-80 
promulgated by China Standardization 
Commission of Ship. 





Fig. 15. The 100 dwt coasting cargo ship “Dongying 


No, 6° operates in the coastal waters of Fujian 
Province on the Xiamen-Hong Kong route since 
1982. 
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Fig. 16. The 17.1 m, 65 000 kg (65 1} dwt coastal sailing 
vessel with speed down of 10 knols was 
commissioned in Fujian and Guangdong Provinces 
in 1968, On July 1969 it went through a hurricane 
(No. 12 Beaufort Wind Scale) and heavy dal 
waves for more than four hours. Ils only damage 
was one loosen wooden bilge keel with the 
ferrocement hull left undamaged. The vessel has 
been operating quite well since then. 





The 115 000 kg (115 1) barge “Beibo No. 17" 


operates in the coastal walters of Guangxi 
Province. 





Fig. 20. A 60 000 kg (60 1), 21.5 m LWL, 40 hp self- 
propelled river barge in Guangzhou. 
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Fig. 17. An 85 000 kp (85 1), 24m LWL, 40 hp self- 
propelled dump barge in Hunan Province. It is 
hybrid sinucture of ferrocement shell with stecl 
framing. 


im. | AP 





Fig. ]9. “Huatshanleng No. 1", a ferrocement refngerated 
vessc] built in Jiangsu Province, has 32.47 m 
LW'L, 6.6 m moulded breadth, 2.8 m moulded 
depth and 16 kmhr speed. 





Fig. 21. “Chuangxin No. 101", an 80 000 kg (80 1} self- 
propelled barge built in 1974 along the 
ferrocement ship senes of Guangdong inland 
river, is capable of navigating alone or pushing 
a 120 000 kg (120 t) barge. The ship senes 
consists of 120 O00 kg (1201), 50000 kg (S01), 
30 000 kg (30 1) and 20 000 ke (20 1} barges. 





244 Journal of Ferrocement: Vol. 19, Ne, 3, July 1989 





Fig. 22. “Wuhuo No. 34" is a 25 OOO kg (25.1), 19.6m Fig. 23. A self-propelled and self loading inland nver 


LWL, 20 hp self-propelled barge in Anhui barge 31 m long built in Kuantung Province. 
Province. 





Fig. 24. Passenger ship "Rongke No, 201" with 26.05 = Fig. 25. A 200)-person passenger ship “Xiake No. 4° 


LWL, 250-person carrying capacity was built in has its extemal surface coated with epoay- 
1966 and has been operaling salisfactonly in bitumen, an anti-corrosion paint. It operates 
Minjiang river, Fujian Province. betwen Xiamen and Shima, and also in Tongan, 


Fujian Province. 





Fig. 26. A 350-person carrying capacity boat built in Fig. 27. An 80 person capacily passenger ship, the 
Guangzhou in 1975, It is a hybrid structure of “Shenhang No. 815", operates in Zhejiang 
ferrocement shell with steel framing. Province. 
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Fig. 28. An inland nver tug, “Changpang No. J014" with 
50 m length and 1320 hp, operates in Changjiang 
River. 
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Fig. 29. “Ronggangtuo No. 203," a 15.4 m, 120 hp harbor 
tug. Built in 1958, it is the first ferrocement harbor 
tug used in China and has been in operation in 
Fuzhou Port since then. Compared with wooden 
hull, the savings in repair cost for the ferrocement 
hull amounts to a sum enough to build another 
lwe similar lugs. 





Fig. 30. A ferocement tug operating in the Huaihe River 
m Anhui Province. 





Fig. 32. A 48.8 m car ferry, capable of carrying 12 tnicks 
on deck, widely adapted in Changjiang River. 


Fig. 31. A 19.75 m inland river tug in Jiangsu Province. 





Fig. 33. A 35 m and 300 000 kg (3001) payload capacily 
dual purpose integrated barge—capable of carrying 
both dry and liquid cargoes. 
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lig. 34. A 120 000 kg (1201) payload capacity pusher 
barge fleet in Xiangjiang River, Hunan Province. 





Fig. 36. A 30.5 m and 120 000 kg (1201) payload capacity 
deck barge in Changjiang River. 


Fig. 35. A 300 000 kg (3000) carrying capacity 
integrated pusher flect in Hubei Province. 





Fig. 37. A 180 000 kg (1801) cargo barge, operates in 
the shallow nv¥er with cobble bed in Yueshan 
Region, Sichuan Province. 





Fig. 38. A 110 000 kg (1101) cargo barge featuring large 
hatch opening, operates in the inland rivers of 
Zhejiang Province and Changjiang River. 


ig. 39. A patrol boat in the inland river between Sonpjiang 
and Wusongkou. 


fournal of Ferrocement: Val. 19, No.3, July i989 247 


WORK BOATS 


The ferrocement work boats in China include suction cutter dredger (Figs. 40-41} and 
floating cranes (Fig. 42). The applications of ferrocement work boats are still increasing. 





Pig. 4a. A lim and 15 OO kp (15 ¢) inland river sailing vessel in the Minjiang River, Fujian Province, 





Fig. 41. A suction cutter dredger in the Minjiang River Fig. 42. A 168 m, 80 m’/hr output and 10 km/hr suction 
near Pozhou City. culter dredger operating in Xiaoging River, Jinan 
City. 


FISHING CRAFTS 


There are many types of ferrocement fishing crafts used both in fresh water and sea water 
(Figs. 43-45}. During recent years, research work has been undertaken to optimize the ship 
structural design and improve construction technology. In practice, new types of hybrid 
stnicture are now being used. 
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Fig. 49. A 16.7 m, 29 KW (40 bp) and 3000 ke (3 0) Fig. 44. A 28.26 m LWL trawler operating in Fujian 
lifting capacity floating crane. Province. 





Fig. 45. A ferrocement seine netler in Taihu Lake, built according to its 
wooden prototype, capable of operating in strong wind (Beavfon Wind 
Scale No. 6), 


SPECIAL VESSELS 


On account of the merits of ferrocement vessels, a varicty of special vessels (Figs. 46-50} 
are now in use which prove to be economically sound, These increase the diversified applications 
of ferrocement. 





Fig. 46. A water supply vessel, in Xiamen-Gulangyu Fig. 47. A fO0 pasaenger yacht in Tathu Lake. 
route for fresh water supply, with 160 000 kg 
(160 t) carrying capacity. 
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Fip. 48. A 25 m Noating domitory, accommodates 25 Fig. 49. A 12m and 15 000 kg (151) sand dumper. It 
persons. camies and dumps sand and clay during 
fiver dredping operations. 





Fig. 50. A coaung experimental vessel in Xiamen. Fig. 51. A 50m long, 25 m wide floating swimming pool 
in Wuming County, Guangxi Province. 


CONCLUSIONS 


Ferrocement vessels have been in use in the People's Republic of China for mare than 30 
years and iis production scale has been growing sieadily. The number of shipyards has increased 
remarkably and its applications have been extended io many different crafis. These 
ferrocement vessels have proved to be technically sound and economically feasivte. 
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Ferrocement for Water Treatment Plant Ship 


Huang Youzhen" 


The technique of producing fresh water in cement ships has been developed in China since 
970, These ships are referred io as waier treatment plant ships and they are used to supply 
fresh water to medium and small sized cities as well as large and medium sized industrial 
enterprises. The experience on the design and use of reinforced concrete and ferrocemeni for this 
type of ship is discussed. 


ft was concluded based from perfortnance that ferrocement is Sutiable far smuill water 
treatment plant ships while reinforced concrete ts good for Digger ships, 


INTRODUCTION 


In China, vessels of reinforced concrete or ferrocement have been built for the last 30 years. 
Approximately, 4000 thousand tonnage of all types of these vessels have been built. Many 
technical tcams have been trained to design and construct different types of cement ships. 

In some medium and small sized citics and also in large and medium = sized industrial 
enterprises, fresh water supply is a probicm, The technique of producing fresh water in cement 
ships has been developed since 1970. 


These ships are referred to as water ueatment plant ships. The first 5000 /d ferrocement 
water treatment plant ship was built in 1977. In the past 10 years, 30 ships have been burlt with 
the ability to produce clear drinking water from 2000 yd to $0 000 t/d. These ships have the total 
capacity to produce about 400 thousand (/d. 


The advantages of water ircatment plant ship over the same size terrestrial iecalment plant 
are: non-use of arable land, compact cleaning technique and lower cost. About 80% of all 
walter tealment plant ships have been built with reinforced concrete and ferrocement. Stee! 
hull is only used for ships operating on arca of limited drafl and rapids. Some ships are hybrid 
Structure of ferrocement with reinforced concrete. 


THE WATER TREATMENT PLANT SHIP 


The water treatment plant ship is usually rectangular in shape with fixed berth during 
operauon period, Two floors of superstructure are installed above the main deck, the principal 
floor of the vessel. An cxampic of a water realment plant ship is the 50 thousand t/d (Fig. 1) ihe 
biggest in China, built in reinforced concrete by Ma An Shan Third Waterworks. The 
dimension of this ship is as follows: 

Overall length 82.00 m 
Moulded widih 23.00 m 


* Scruor Enginecr, Changjiang Ship Design Institute, Chima. 
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Moulded depth 3.70 =m 
Drafi 2.70 m 
Displacement 4445 1 
Frame-space 110° m 
Deck height 

from main deck to upper deck 3.30 m 

from upper deck to topside deck 2.80 m 
Complement 40) persons 





Fig. 1. ‘The 50 thousand ud water treatment plant ship. 


The office rooms, laboratory, the mecling rooms, the galley, the mess room and accommodations 
are in the upper deck while the treatment plant is on the main deck. The treatment plant 
includes central contro] room, add-chlorine room, add-alum room, air compressor room, vacuum 
pump room, cleaning tanks and pump room. 


The pump room, containing the water pump, mud pump, wash-waicr pump, ctc., should be 
located either in the middle of the maim deck or at the ends according to the production 
technique and hull strength. It is, however, advisable to place the pumproom in the middle to 
reduce the maximum peak value of the bending moment under full load. 

The two cleaning tanks, intake tank, lift room, three stage ferro-net, mixing pond, precipitating 
pond and filtering pond arc located on cither side of lhe pump room (Fig. 2). 

Some details of the interior of the 50 thousand /d water treatment plant ship are shown in 
Figs. 3-5, The main hull and members of the 50 thousand /d ship is of reinforced concreic, 
some secondary members of cleaning tank in ferrocement and superstructure in siecl, The 
specification for the constilucnt materials arc: 


Design strength for concrete 


Axis anti-pressure strength limit Ra = 17.2 MPa 
Bending anti-pressure strength limit Rw= 21.6 MPa 
Ultimate tensile strength limit Re = 1.7 MPa 






_ftooDSooooooacor 


Moin dimensions 


Lengih o. 9. 82.00 m 













e | Moulded widih 21.00 m 
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¢ Displacement 444451 
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Fig. 2. General acrangement. 
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\ 
Fig. 3. Main deck, Fig. 4. Pipes inside the bull. 





Fig. 5. Pump room. 


Anu-break strength limit Rf = 2.1 MPa 
Modulus of elasticity Eh = 29x10? MPa 
Maximum crack width 0.1 mm 
Reinforcing sicel 
Class I No. 3 Re =235.4 MPa 
Class IT No. 16 Rg =333.5 MPa 
Design strengih for ferrocement 
Morlar anti-pressure strength 39,2. MPa 


Wire mesh (Cold drawn low-carbon one, 
0.9 mm-—-1.2 mm diameter) 
Ultimate tensile strength 441.45 MPa 
Maximum crack width 0.05 mm 


The hull should be designed considering wave force. The bending moment and shcaring 
force should be determined under no load and full load conditions. The maximum beriding 
moment should be calculated under the hogging conditions at no load and = at sagging 
condiuons at full load. For the 50 thousand t/d ship the maximum bending moment at no load 
hogging was 24.2 MNm and at full load sagging was 52.0 MNm. ‘The maximum shearing force 
is 2.94 MN. The required number of sicel reinforcement due to bending was checked 
according to the third working slate of reinforced concrete beams. The strength of the 


Journal of Ferrocement: Vol 19, No.3, futy £989 255 


stec] reinforcement for the deck and bottom were also determined considering hogging and 
sagging conditions. The = sicel rcinforcement for the bottom board also include reinforcement 
for bilge stiffeners and longitudinal members. Reinforcement for side plate and longitudinal 
bulkhead were checked against longitudinal bending, shear stress, and water pressure; and 
shearing sirength along the longitudinal bulkhead and effect of local loads respectively. The 
stecl reinforcement of the main hull is shown in Table 1, 


Table | Steel Reinforcement of Main Hull. 





Thickness} Stee] reinforcement 
Location secuian Longitudinal Transverse 
Bottomboard SU) mun l4al2mm 0 @iKimm Sof 2mm 6 @ if} mm 
Deck 80 mm Raf2Zmm o @ 100mm Sof2mm 6 @ 100mm 
individually iklividually 
Side Plaic 80) mim Sof2mm o @ iKimm 4of2mm 6 @ 100mm 
individually individually 
Bottom 130 mm x 320 mm iSof4mm & lgSof2mm o 
longitudimal frame {hooped reinforcement 6 sun 6 @ 100 mm) 
Frame 130 mms 300 num 18o0f4mm 6 18 of 2mm 
(hooped reinforcement & mm 9 @ 100 mm) 
Deck 100 mm x 2450 mm l6ofd4dmm 6 léof2mm 4 
longiudimal frame (hooped reinforcement 6 mm 6 @ 100mm) 


To improve working quality and reduce the berth $ penod, prefabrication of specific 
members are recommended. The weight of prefabricated members should not exceed 9000 kg. 
The joints are formed by overlapping outstanding reinforcements. The length of overlap should 
nol be more than 10 times the diameter of reinforcement. The prefabricated members arc: 
side board, deck longitudinals, all of longitudinal and transverse bulkheads, the longitudinal and 
transverse baffle plates of precipitating pond and fillcring pond. The sections cast in site are: 
hotlom board and frame, deck board and longitudinal continual girder, 

Walertuighiness tcsi was performed. The reinforced concreie has no problem. However, the 
caslLin situ ferrocement watcr tanks have scepage problem. 


CONCLUSION 


The 50 thousand t/d water treatment plant has exceeded the design weight but just satisfied 
the design requirement of draft (d = 2.70 m), In water treaunent plant ship, weight ts an 
important factor as it affects the draft. Increase in draft will reduce the siphone pressure head and 
may cause failure. 


Based from performance, lerrocemecat is suilable for small water ueatment plant ships while 
reinforced concrete is good for bigger ships. This application is now widely developed in China, 
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Songkla Lake Fishing Boat 


Sukda Konganum* 


The Songkia Tinsulanond Fishing College investigated the possibility of building low-cost 
fishing boats. Consultants of the college recommended the use of ferrocement as a construction 
material. The transfer of the technology to students of the college is presented. 


INTRODUCTION 


Fishing plays an important role in the economy of Songkla, a southem province in Thailand. 
The Songkla Tinsulanond Fishing College was established to help the fishing industry in this 
province. In addition to its regular course, the college has provided training on trawl fishing 
and conducts research on relevant topics. 


To further encourage fisherman, the college investigated the possibility of building low-cost 
fishing boats. Assistance was requested from the Ayuthaya Boatbuilding College and the 
Committee on Planning, Cooperation and Establishment of Industrial and Shipbuilding 
Center. Consultants from these inslitution recommended ferrocement boats as the solution, 


This paper describes the construction of ithe first fishing boat at Songkla Tinsulanond Fishing 
College under the supervision of the author, 


DESIGN AND CONSTRUCTION 


The ferrocement fishing boat, weighing 800 kg, costs Baht 8000 (USS 320). The 5 m long, 
1.2 m wide and 0.90 m deep boat was constructed in 15 days by five students with assistance 
from two ferrocement resource persons and two carpenters. The design of the boat was based 
from locally available traditional fishing boat. 


The lofted drawing of the ferrocement hull consists of a body plan, profile and half breadth 
(Fig. 1). Using these plans, the frame was made for all stations with 9.53 mm diameter stecl 
bars. For the keel, 6.35 mm diameter bars were used. A numbering system was used ta 
assist in the final assembly of the armature (Fig. 2). 


Five layers of wire mesh were used. Two layers of weided mesh were place outside and 
three layers of hexagonal mesh inside the armature. The mesh were draped from the deck 
downwards and pulled constantly lo maintain tension to oblain a fair shape hull. The five 
layers were ied together at 75 mm spacing longitudinaily as well as vertically (Fig. 3). 


The cement, sand and watcr raulo was 1:3:0.4. Plastering was started from the keel bottom. 
The matrix was pushed from outside to inside to ensure complete penetration. Both surfaces 
were smooth finished maintaining the same thickness. The completed hull was cured for 28 
days (Fig. 4). 





* Ayuthaya Boatbulding College, Ayuthaya, Thailand. 
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Fig. 1. Plans for the ferrocement hull. 
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Fig. 2. The completed armature. Fig. 3. ‘The students with the ferrocement hull ready for 
plastenng. 





Fig. 4. The plastering of the ferrocement hull. Fig. 5. Students of Songkla Tinsulanond Fishing Col- 
Jege testing the boat. 


CONCLUSION 


The technology for building a ferrocement hull can be easily learned. Students of Songkla 
Tinsulanond Fishing College are now building ferrocement fishing boats (Fig. 5). After three 
ycars the fishing boats have had no problems. 
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Development of Ferrocement Boats 
in China: 1958-1988* 


A Pictorial Presentation 


CONSTRUCTION PROCEDURE 


= " 





The wire mesh used for the construction is also produced Tieing the wire mesh into required width. 
in the factory. 


* Excerpt from “Concrete Vessels in China 1958-1988)", with permission of the publisher. Publication sent by Mr. 
Zhang Xiaoyang, Shanghai Ship & Shipping Research Instiwte, Ministry of Communications, China, 
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Plastering the cement mortar by high frequency equip. Close-up of the high fequency grouting equipment from 
ment. the hanging trolley. 
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Close-up of a portable high fequency fibrating plastering Completed ferrocement hulis. 
board, 


FERROCEMENT BOATS (1958-1988) 


ZINN. 
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The first ferrocement sampan. 





Ferrocement vessels for imigation and drainage. A 50001 ferrocement floating dock. 
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A ferrocement hold-barge fleet. A 3000 t sea boat. 


COMMITTEES AND FOREIGN GUESTS 





- 


Annual meeting of the Chinese Network on Scientific Information of Cement Boat. 
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United Nations sponsored a seminar on Ferrocement in Asia and the Pacific Region. 
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Korean experts visiting the manufacturing site of tap water Mr. loms, an American expert on ferrocement boats, visit- 
boats. ing a cement boat factory. 
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TIPS Ie QzJks 
AIA TEWUIR IB IULIDIEIRS 








This section provides illusiraied information and details of construction to help the user to 
construct ferrocement structures quickly, easily and economically. 


The Distribution of Trim Ballast 


5.S.Z. Ray’ 


Often, duc to variations in the construction or finishing of a boat from the calculations of the 
designer, when the boat is firsi Noated i does not float at the designed water line. There are 
monographs in books such as Skene’s Elements of Yacht Design which give the additional ballast 
required per inch (25.4 mm) of additional immersion required to obtain the correct position of the boat 
in the water. 


To obtain best roll and handling charactristics, an often-overlooked rule of thumb is that for typical 
hull shapes, one-fourth of the added ballast should be located roughly at the water line. For slender 
hull shapes, use one-sixth instead of one-fourth. For beamy hulls, use one-third instead of one-fourth. 


It is not difficult to add tim ballast in a distributed manner. One-eighth inch (3,175 mm) thick 
icad sheet may be glued to the hull with polysu!fide mubber in pieces appropriate and concealed behind 
paneling, cabinets, etc. 1t should also be distributed rather evenly fore-to-aft to avoid unstable pitch 
characteristics. 


To obtain the amount of trim ballast required, hold a ruler between the length at waterline and 
beam at walerline measurements for your hull (Fig, 1). The required ballast weight per inch (25.4 mm) 
of immersion will be shown on the middle line. Lf the boat is higher at one end than the other, use the 
number given on the nomograph (per inch (25.4 mm)) umes the difference in immersion depths fore- 
to-aft, distributed over the lightest half of the boat (the appropriate fraction at the walerline). The total 
amount of ballast should be calculated from the additional immersion required amid-ships, As you 
add weight at the bow, be particularly attentive to how the stern moves up as the bow moves down and 
distribute the ballast accordingly. Do this with water tanks full and all ground tackle aboard. Now take 
the boat out for a sail and see how she handles. 





* Reprinted from “How to Finish Your Ferrocement Hull" by permission of the pubtisher. 
+ Master boatbuilder. 
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DW.L. in ft 


20 25 30 35 40 50 60 70 80 90100 120 
\ 





3 4 5 6 7? 8B 9\, 10 2 14 16 18 20 
Beam on 0.W.L. in ft 


Connect points on top and bottom lines with straight line. 
Read answer on middle line. 


Note .; | Ib = 0.454 kg 
lL in, = 25.4 mm 
| ff = 0.3048 m 


Fig. 1, Nomograph for |b/in. immersion in salt water. 
(1 IbAn. = 0.1751 Némm) 
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International Seminar. 320+vi pp. Stockholm: Swedish Council for Building Research. 


development / durability / properties 
General 


Yogananda, M.R., and Jagadish, K.S. 1988. Pozzolanic properties of rice husk ash, bumt clay and 
red mud, Building and Environment 23{4): 303-308. 


compression / lime { pozzolanas { rice husk ash 


Zech, B., and Setzer, MJ. 1988. The dynamic elastic modulus of hardened cement paste—Part |: A 
new statistical model-water and ice filled pores. Materials and Structures 21(125): 323-328. 


cement pastes / damping { modulus of elasticity / porosity 


Fattuhi, N.J. 1988, The sctung of mortar mixes subjected to different temperatures. Cenient and 
Concrete Research 18(5): 669-673. 


mortars / setting / temperature / water cement ratio 


Relis, M.; Ledbetter, W.B.; and Harris, P. 1988. Prediction of mortar-cube strength from cemeni 
characteristics. Cement and Concrete Research 18(5): 674-686. 


cement / mortars / strenpih 


Cheng Sheng Ouyang; Nanni, N.; and Chang, Wen F. 1988. Internal and external sources of 
sulfate ions in portland cement mortar: Two types of chemical attack, Cement and Concrete 
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Research 18(5): 699-709. 
chemical attack / mortars / sulfate attack 


Moukwa, M., and Aitcin, P.C, 1988. The effect of drying on cememt pastes pore structure as 
determined by mercury porosimetry. Cement and Concrete Research 18(5)}: 745-752. 


cement pastes / drying / pore structure 


Kawamura, M.; Kayyali, O.A.; and Haque, M.N. 1988. Effects of a fly ash on pore solution 
composition in calcium and sodium chloride-bearing mortars. Cement and Concrete Research 18(5): 
763-1773. 


fly ash / mortars / porosity 


Okada, K.; Yoshikawa, T.; and Himeno, M. 1988. Effects of admixtures and alkali compounds on 
alkaliaggregate reaction. The /nternational Journal of Cement Composites and Lightweight Concrete 
10(4): 205-208. 


admixtures / alkali / alkali agereeate reactions / chemical reactions / concrete durability / expansion 
i fly ash / mortar / slags 


Okpala, B.C, 1988. Effect of fine aggregate on pore structures of hardened cement paste and mortar, 
Jqurnal of the Institution of Engineers (India) 69(Part Cl-1}: 26-31. 


cement pastes / mortars / structures 


Mohan Rai. 1988. Low energy consumption in a few building materials. Housing Science | 2(4): 
259-265, 


building materials / pozzolans 


Ahmad,5.F, 1989. Acompartson of pozzolanic materials, nco and classical. In The Second Easi Asia- 
Pacific Conference on Structural Engineering & Construction, 113-119. Bangkok: Asian Institute 
of Technology. 


cement / pozzolanas / properties | AIT Pub 


Robles-Austriaco, L. 1989, Research and development on bamboo as reinforcement. In The Second 
East Asia-Pacific Conference on Structural Engineering & Construction, 119-124. Bangkok: Asian 
Institute of Technology. 


bamboo / reinforcement / research / AIT Pub 


Solveig Melin. 1989. Why are crack paths in concrete and mortar different from thosc in PMMA. 
Materials and Structures 22(127): 23-27. 


concrete / crack growth / cracks / mortars 


Jiann-Wen Ju; Monteiro, P.J.M.; and Rashed, AT. 1989. Continuum damage of cement paste and 
mortar as affected by porosity and sand concentration. Journal of Engineering Mechanics 115(1): 
105-130. 


cément pastes i mortars f porosity 
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MARINE APPLICATIONS 
Construction and Testing 


lorms, M.E. 1988. Laminated conerctc. In Technical Session on Advances in Concrete Construction 
for Contractors, & pp. 


boats / concrete / ferrocement / laminates 


Smith, S. 1988. Painting and casting a ferrocement hull. Journal of Ferrocement 18(4): 427-439, 
boats / coating / ferrocement / hulls / LFIC Pub 


C;eneral 


PROC Shipbuilding Inspecuon Department (Beijing, China). 1989. Smail Scale Modeling of River 
Shipbuilding Technology Using Ferrocement (In Chinese). 126+ii1 pp. Beijing: PROC Shipbuilding 
Inspecuion Department. 


ferrocement | modeling / ships 
China 
TERRESTRIAL APPLICATIONS 


Housing and Building 


. 1987, Menil Museum. The Architectural Review (3): 38-43. 
ferrocement / roof 


Water Resources Structures 


The University of the South Pacific, Tonga. 1988. Building A Ferrocement Water Tank. 16 pp. 
Tonga: The University of the South Pacific. 


construction / ferrocement / water tanks 


Jacobus, P., and Iterbeke, M, 1988. An innovative water tank project in the northeast of Thailand. 
Journal of Ferrocement 18(4): 421-426, 


consiruciion / tank / water tank / [FIC Pub 
Thailand 


Sanitary Structures 


Winter, S.J. 1987. Consiruction Manual for a Ferrocement Weill. 43+i1i pp. Eastern Caroline Islands: 
Appropriate Technology Enterprises. 


construction / do-it-yourself { ferrocement { water wells 


Singh, G.; Venn, A.B.; Lilian Ip.; and Xiong, GJ. 1989. Alternative material and design for 
renovating man-cniry sewers. In NO-DIG 89, 2,.3.1-2.3.7. 


design / ferrocement / linings { research / sewers / testing 


zi4 Journal of Ferrocement: Vol. 19, No. 3, fuly i989 


Miscellaneous Structures 


Reines, R.G. 1988, Ferrocement gasifier. Gate (4): 19-20. 
construction { ferrocement 


General 
Stulz, R.,and Mukeiji, K. 1988. Apprepriate Building Materials, A Catalogue of Potential Solutions, 


Revised, Enlarged Edition. 4304v pp. St. Gallen: Swiss Center for Appropriate Technology. 


bamboo | cement / construction materials | ferrocement | fiber reinforced cement / fibers / housing / 
lime / low cost / pozzolanas / roofs | wails 


PROTECTION AND RELATED TOPICS 


Corrosion in Marine Environment 


Pullar-Strecker, P, 1987, Corrosion Damaged Concrete-Assessment and Repair. 99+x pp. London: 
Construction Industry Research and Information Association. 


concrete / corrosion / repair 


Alonso, C.; Andrade, C.; and Gonzales, J.A, 1988. Relation between resistivity and corrosion rate 
of reinforcement in carbonated mortar made with several cement types. Cement and Concrete 
Research 8(5): 687-698. 


carbonation / corrosion / mortars f reinforcement 


Al-Tayyib, A.J.,; Somuah, §.K.; Boah, J.K.; Leblanc, P.; and Al-Mana, A.I. 1988. Laboratory study 
on the effect of sulfate ions on rebar corrosion. Cement and Concrete Research 18(5): 774-782. 


corrosion / laboratory test / reinforcement / sulfate attack 
FIBER REINFORCED COMPOSITES 


Steel Fiber Composites 


Mewati,J.R.K.,andJamil, K. 1987, Durability of Natural Fibres in Mortar Containing Rice Husk Ash, 
B.Eng, Thesis, University of Engineering and Technology, Karachi. 


hagasse / durability / fiber reinforced cements / mechanical properties / rice husk ash / testing 
Natural and Organic Fiber Composites 


Aziz, M.A., and Mansur, M.A. 1989. Jute fibre reinforced building materials. In The Second East 
Asia-Pacific Conference on Structural Engineering & Construction, 1034-1039. Bangkok: Asian 
Institute of Technology. 


fiber reinforced composites / housing / jute fibers / low cost / natural fibers / roofing / walls ( AIT Pub 
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Cunie, B., and Gardiner, T. 1989, Bond between polypropylene fibers and coment matnx. The 
International Journal of Cement Composites and Lightweight Concrete 11(1): 3-9. 


bond strength / composite materials / cracking / fiber cement composites / polypropylene fibers 
zeneral 


New Zealand Concrete Research Association. 1987. Fibre concrete. NZCRA Information Bulletin 
(February): 1-16, 


ferrocement i fiber reinforced cement | fiber reinforced concrete / glass fibers / steel fibers 


Currie, B. 1988. Fabric reinforced cement—A historical review. Building Technology and Manage- 
ment 14: 43-46, 


applications / fiber reinforced cements / polyprapylene fibers { research / testing 


UNIDO. 1988. Vegetable-Fibre Cement Board. 57+vili pp. United Navons Industrial Development 
Organization. 


applications / low cost / natural fibers / orgunic fibers | production 


Akihama, $.; Sucnaga, T.; and Nakagawa, H. 1988. Mechanical properties of fiber reinforced cement 
composites and their application to buildings, K/CTf Report, No, 79 (October): 1-16. 


applications / domes / fiber reinforced composites / tests { walls 
Akihama, S.; Nakagawa, H.; Takada, T.; and Yamaguchi, M. 1988. Experimental study on aramid 


fiber reinforced cement composites “AFRC"-—Mechanical properties of AFRC with short fibers. KICT 
Report, No. 79 (October): 17-31. 


fiber reinforced composite / modulus of rupture / strenpih / tests 

Akihama, §.; Sucnaga, T., Tanaka, M.:; and Hayashi, M. 1988. Properties of GFRC with low alkaline 
cement. KICT Report, No. 79 (October): 32-48. 

durability / mechanical properties | physical properties / slag cements 


Akihama, 8.; Ogawa, K.; Suenaga, T.; Uchida, [.; Fujii, H.; and Hayashi, M. 1988. Development of 
new GFRC cladding. KICT Report, No. 79 (October); 49-63. 


cement { durability / glass fibers / tests 

GENERAL 

Technology Transfer 

Centro de laformacion Technica (Havana, Cuba}. 1988. List of Ferrocement Keywords (in Spanish}. 


41+ii pp. Havana: Centro de Informacion Technica, 
ferrecemeni 
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RELATED MATERIALS 


lterbeke, M., and Jacobus, P. 1988. An Jnnovative Water Tank Project Chumpuang, Thailand. 14 pp. 
Heverlee: PGCHS-KULeuven. 


construction | low cost / water tank 

Thailand 

Le Khang Chau, and Pham duc Chinh. 1988. Variational Approach to Determination of Effective 
Elastic of Moduli of CompositeMaterials. 18 pp. Hanot: Institute of Mechanics. 


compasite materials / Young's modulus 
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FAST LOOKUP 


INFC and IFIC Databases 


The INFC and IFIC databases will save your time and effort in finding current information on 
ferrocement and related construction materials. These databases are created and maintained by the 
International Ferrocement Information Center (IFIC), Asian Institute of Technology, Bangkok, 
Thailand using UNESCO's Computerized Documentation Service/Integrated Set of Information 
Systems (CDS/ISIS). 


The highly specialized construction materials included in the databases are directed to answer 
the needs of the low-income people in ihe developing countries. They cover ferrocement, the 
form of reimforced concrete which uses hydraulic cement mortar, and closely spaced layers of 
continuous and relatively small diameter wire mesh reinforcements; and related construction 
materials, such as steel fiber composites, bamboo fiber composiles, natural and organic fiber 
composites, and polymer composites. 

IFIC regularly reviews over 100 journals, magazines, newsletters, digests and bulletins, in 
addition to numerous monographs, reports, conference proceedings, theses, and materials supplied 
directly by ferrocement builders and researchers. From these publications, articles on ferrocement 
and related construction materials are identified, abstracted, indexed, and entered into the 
bibliographic databases. 

Each record contains primary information: author, title, source, abstract and keywords; and 
secondary infromation: availabilily, date, language and type of publication. 

INFC and [FIC databases contain over 3,500 records and these are expanding al the rate of 
300 records per year. From these records, IFIC provides computerized biliographic search services 
for requests On particular aspects of ferrocement technology and related materials at the following 
rales: 

Subscriber: USS40.00 per contact hour 

US$ 10,00 upto 50 references 
USS 00.07 for cach additional reference above 50 


Non-Subscriber:  US$60.00 per contact hour 
US$ 15.00 upto $0 references 
US$ 00,10 foreach additional reference above $0 


Precise descripuon musi accompany requests for scarch service so as to minimize costs. 
Requests (particuiarly for leer and telex requests) musi include the following: (a) bnef but clear 
summary of the research topic: (b) list of keywords and synonyms: (c) expected number of 
references; (d) cost limitations; (c) outpui specifications (date and language restrictions); and 
(f) degree of urgency of the request. The search print out contains a list of references, which may 
include abstracts if requested. 

Matenals listed in the bibliographic search print out are available [rom IFIC, but subject to 
copyright restricliions. By quoting the accession number given at the top of each reference, 
photocopics and/or microfiches of any document can be ordered at the rates given in page 319. 
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FIN NEWS 
University of the Philippines 


Miss Lavon Mary G, Abis, participant of the 
1988 Trainer’s Training on Ferrocement Tech- 
nology and affiliated with the Building Research 
Service, National Engineering Center, Univer- 
sity of the Philippines, has been actively involved 
with technology transfer activities. 


The last week of February 1989, she con- 
ducted in Calaca, Batangas, a demonstration/ 
training on the use of fly ash (from the National 
Power Corporation's coal-fired thermal plant) 
for hollow blocks and bamboo-reinforced con- 
crete pavements. The bamboo was used as an 
alternative because the fly ash was mixed with 
sea water (to aid the immediate transport of the 
ash to the ponds surrounding the plant) and con- 
tains salt sprays. The jointing methods at the 
intersections of the bamboo slats spaced 300 mm 
on center were either Lied with ordinary straw cut 
in 300 mm lengths or nailed with 25.4 mm nails. 
Results of the first month construction inspection 
were favorble because no visible cracks were 
observed. 


The Building Research Service will also 
Start a Productivity Study for the Construction 
Industry Authority of the Philippines, DTI. This 
would be a study of representative construction 
firms productivity levels and recommend pro- 
ductivity enhancement guidelines plus a manual 
fora firm's self-assessment. This will be funded 
by the World Bank, 
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Demonstration house using coco-umber truss-frame system. 


The University of the Philippines has also 
two (2) demostration houses—one using caco- 
umber truss-frame system which is fabricated 
using gang-nail metal plate connectors and rice 
hull ash-lime block walls both for low-income 
family housing, which are both under the Depart- 
ment of Science and Technology—U.P. Program 
SAY. 


She has been invited by Prof. Jose de Castro, 
FIN (Philippines) coordinator, to lecture and 
design ascminar forthe Association of Structural 
Engineers of the Philippines (ASEP) entitled 
tentatively “Structural Applications of Ferroce- 
ment.” This is scheduled for August of this year. 


(faformation and photograph from Ms. 
Lavon Mary G. Abis, Building Research Service, 
National Engineering Center, (University of the 
Philippines, Diliman, Quezon City 1/61, Philip- 
pines.) 
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REFERENCE CENTER NEWS 


Philippine Council for Industry and Energy 
Research and Development (PCIERD) 


The Philippine Council for Industry and 
Energy Research and Development (PCIERD}, 
as part of ils on-goimg activities on research and 
development in the application to industry, cn- 
ergy and infrastructure, will be undertaking a 
research project on ferrocement technology for 
the local shipbuilding industry. The project in- 
volves the construction of a prototype ferroce- 
ment boat. This project will be implemented by 
the Maritime Industry Authority (MARINA) in 
cooperation with the PAiippine Shipbuilders and 
Repatrers Association (PHILSAR). 


In connection to this, the Counc#l held a 
Seminar on Ferrocement Technalogy on 7 June 
[989 which coincided with MARINA Day. 


The topics discussed were the basic prin- 
ciples of ferrocement and its wide applications. 
These included the raw materials, the mechanical 
propertiics and the proper construction tech- 
niques, A short slide presentation was also in- 
cluded, 


The target parucipants were Maritime In- 
dustry Authority; Philippine Shipbuilders and 
Repairers Association; and the Confederation of 
Inter-Island Shipping Organizavion. 


The resource persons were Ms. Lavon Mary 
G. Abis, U.P. Building Research Service; and 
Engr, Edgardo P. Sanuibanez, PCIERD; partici- 
pants of the Traincr’s Training on Ferrocement 
Technology conducted by LFIC in 1988. 


(information fram Edgardo P. Santibanez, 
Science Research Specialist if, Energy and Unli- 
ites Systems Technology Development Division, 
Philippine Council for Industry & Energy Re- 
search & Development.) 


2/9 


CUBA 
A Ferrocement Swimming Pool 


A12.5m x 25 m ferrocement swimming pool 
was built for ihe People’s Camping Base “Presa 
Mamposton”, [thas adepth ranging from 0.70 m 
to2.10m, This swimming pool was constructed 
in two months by unskilled labours and the cost 
is lower than those constructed out of reinforced 
concrete. 


(information and photograph from Mr. Fi- 
del Delgado, Chief, Technical Information Cen- 
ter, Centro de informacion Tecnica, Cuba.) 





Swimming pool under construction, 


BANGLADESH 
Rainwater Catchment for Rural People 


The Department of Farm Power & Machin- 
ery, Bangladesh Agricultural University, 
Mymensingh, Bangladesh is initiating a project 
on rainwater catchment for the rural areas of 
Bangladesh. 


Three locations have becn selected. In cach 
location, five ferracement tanks will be con- 
structed having capacity of 10.5 m*. This tank 
will be able to supply water for a family of stx 
members for a period of five months. 

({nfarmation from Dr. Md. Daulat Hussain, 
Head, Department of Farm Power and Machin- 
ery, Bangladesh Agricultural University.) 
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INDIA 
Technology Mission on Drinking Water 


training of Resource Personsilrainers in 
Ferrocement Technology 


The Government of India has launched a 
Technology Mission on Drinking Water and 
Related Management for solving the problem of 
drinking water in the villages where water is not 
available. The Departmeni of Rural Develop- 
ment, Ministry of Agriculture, Government of 
India, 1s a nodal agency for this Mission. The 
Council of Scientific and Industrial Research 
(CSIR) is collaborating by providing cost effec- 
tive solutions for specific problems related to 
chemical, physical and bacteriological contami- 
nation, ground water exploration and related 
water management. Several techniques have 
been adopted for solving problems of excess iron, 
fluorides, salinity, turbidity, scicnulic finding of 
ground water and recharge of water sources, 
improving of traditional water sources, collec- 
uion of rain water etc. Priority has been fixed for 
adopting rain waiter harvesting in those areas 
where enough rainfall is available. The Mission 
has approved ferrocement water storage tanks for 
collection of drinking waicr due to its low cost 
and ease in construction and maintenance. Prob- 
lems of the water in the hills, islands and coastal 
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Participanis with the ferrocement water lank elements during 
training-cum-demonsiration course al Shiliong 
(Meghalaya), April i988. 
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belt of the country can be solved easily by adopt- 
ing rain water harvesting through roofs and mi- 
cro-catchment platforms. Ferrocement has been 
accepted for construction of water filters and 
tanks for these schemes. 


The Structural Enginecring Research Center 
(SERC) formerly at Roorkee and now at Ghazia- 
bad has been entrusted with several projects, 
namely: (1} Organisation of training courses and 
demonstrations of construction techniques of 
rain waler harvesting schemes and ferrocement 
walter storage tanks al various locations in the 
country; and (2} Development of ferrocement 
siructures such as check-dams, underground wa- 
ter barriers, water filters and large capacity waler 
tanks etc. for water harvesting schemes. 


The Center has already conducted ten train- 
ing courses for ficld engineers, technicians, plan- 
ners and volunteers drawn from Public Health 
Enginecring Depariments, Rural Devclopment 
Departments and Voluntary Agencies. A set of 
lecture notes compiled in two volumes, have 
been prepared and ts being provided to the par- 
ticipants. The ‘Do It Yoursef* booklet on Jerro- 
cement water tanks published by IFIC has been 
included in Volume 2 of the lecture notes. A total 
of about 450 participants representing States of 
Uttar Pradesh, Madhya Pradesh, Rajasthan, 
Gujarat, Maharashtra, Assam, Tripura, 
Nagaland, Meghalaya, Manipur, Karnataka and 
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Casing of ferrocement water jar dunng taining-cum- 
demonstration course ai Dumapur (Nagaland), October 1988. 
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Demonstration of the casting of ferrocement water lank by 
skeletal cage system during training-cum-demonstsation 
course at Gulbarga (Kamatake) in December (988. 


Andhra Pradesh have been trained by the Scicn- 
tists of the Center. The syllabus for these courses 
include details for construction of rain water 
collection system using roof, platforms and hill 
slopes as caichment area, casting techniques for 
ferrocement tanks up to 10000 lure (10 m’*) ca- 
pacitics including sack mould method, skeletal 
cage making and plastering technique, segmental 
ferrocement tank construction (SERC patented 
process), semi-mechanised process (SERC 
patented process), tempformer system, pit lining 
method for underground tank constuction and 
ferrocement lining over brick/stone masonry 
lanks. 


A large number of ferrocement tanks and 
filters have been constructed during these 
courses in Manipur, Meghalaya, Nagaland, 
Madhya Pradesh, Uttar Pradesh, Tripura and 
Kamataka States. 


The response to these training courses has 
been very encouraging and many States have 
taken up construction of rain waicr harvesting 
schemes and ferrocement tanks on large scale for 
solving the drinking water problem in their 
villages. 


Ferrocement Applications Exhibited in India 
Structural Enginecring Research Center, 


Ghaziabad has been organising full scale demon- 
stration of construction techniques and displays 


23] 


of construction methods of various ferrocement 
structures at Lhe engineering/technological exhi- 
bitions in India. The following exhibitions have 
been organized: 


National Zonal Seminar on Water Problems in 
Hill Areas, Nainital (September (988) 


The seminar was organised by Department 
of Rural Development, Government of India in 
collaboration with the U.P. Jal Nigam. Construc- 
tion of ferrocement water tanks, roofing units, 
septic tanks, rain water filters, drainage units, 
man-hale covers etc., were demonstrated, 


Large number of charts, models and actual 
structures were exhibited. A lecture-cum-slide 
show was organised explaining the advantagcs, 
economics, uscfullness and construction tech- 
niques for ferrocement structures for solving 
various problems in hill areas. About 1,000 
engineers, technicians, social workers and ad- 
ministrators attended. The Honorable Minister 
for Hill Development, U.P. Government, Shri 
R.K. Dhar, Principal Secretary and Coordinator, 
Hill Development, Government of U.P., Shri 
Pande, Secretary, Rural Development, U.P. 
Government, Shri Rajeswar Dayal and Shri 
Virendra Kumar, Chief Engineer, U.P, Jal Nigam 
visited the demostration. 


National Seminar on Water Harvesting Systems 
and their Management, Bangalore (22-24 
December 1988) 


Departmentof Rural Development, Govemn- 
ment of India organised this seminar in collabo- 
ration with the Public Health Enginecring De- 
partment, Government of Karataka held 22-24 
December 1988. A large size stall was crecied 10 
display several ferrocement units and the con- 
struction techniques for ferrocement tanks, ini- 
gation channels, man-hole covers, scptic tanks 
etc. More that 2,000 engincers and contractors 
visited the stall. During one of the seminar ses- 
sions, a slide show was amanged to explain the 
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potential applications and advantages of ferroce- 
ment structures. Demonstration of casting tech- 
niques for few structures was also organised for 
the benefit of the participants. 





Ferrocement water tank by skeletal cage syslem during 
display/ exhibition at National Seminar on Water Harvesting 
Sysiems al Bangalore in December i988. 


Panchayat Raj Sammelan, New Deihi (25-30 
January 1989) 


Government of India organised this sam- 
melan for Chairman of Municipal Bodies, Rural 
Development Officers, Heads of Rural Blocks, 
Panchayats cic. It was attended by 8,000 partici- 
pants, During this sammelan a large display of 
various techniques for production of structures 
was arranged. About 3,000 delegates visited the 
stall and were acquainted with the benefits of the 
ferrocement techniques. 


Vipyan Gaonki Oar (Science Towards Village), 
Gauri Ganj (Sultanpur), U.P. {4-15 Marck (989) 


Council of Scientific & Industral Research 
(CSIR) and National Institute for Wastcland 
Development, New Delhi organised a hig Sci- 
ence & Technology exhibition in rural area in 
Gauri Ganj, District Sultanput (U.P.) from 4th to 
[Sth March i989. The aim of the fair was to 
expose to new tcchnologics uscful in solving 
ther problems. Most of the Indian Government 
Deparuments aclively engaged in extension and 
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R&D acuvities, scienufic organisations and 
laboratories displayed their techniques in this fair 
which was visited by very large number of villag- 
ers, administrators and political leaders. SERC 
organised a display of ferrocement tanks, bins, 
irrigation channels, filters etc. The other items 
displayed in form of charts and models included 
man-hole covers, roofing units, wall pannels, 
septic tanks, mechanical casting methods for fer- 
rocement structures and rain water harvesting 
schemes. For this fair, SERC, Ghaziabad devel- 
oped a special display system on ferrocement 
which explains about this matcrial in simple 
Hind: & English. An average 5,000 people 
visited the SERC demonstration every day, The 
simple technique of water jar produced with 
hesian cloth and rice husk was liked by mast of 
the visitors, 


(Infarmation and photographs from Mr, Jf. 
Swarup, Scientist, Drinking Water Mission Proj- 
ect, SERC, Ghaziabad, india.) 


UNITED KINGDOM 
ITDG Takes on VSO Technical Training 


During the past !& months, ITDG has been 
carrying out the bulk of VSO’s technical training 
courses for volunteers going overscas Lo work in 
educational insututions and with local non-gov- 
emment organization. 


Courses are held at the Stoncleigh show 
ground, headquarters of the Royal Agricultural 
Society. Course parlicipants have access to a full 
range of pracical and tutorial facilitics at the 
ground, where accommodation is also provided. 


To date, a total of some 2/5 VSO trainees 
have been on four types of training course: 


-The IW-day Appropriate Technaelogy 
Course, which provides practical experience ofa 
range of different tecnologics, such as low-cost 
building techniques, ferrocement waicr tank, 
appropriale water and sanitauion, an overview of 
ambient energy (waicr, solar, biomass), rural 
blacksmithing and small-scale foundry work. 
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-The five-day Natural Resources Course, 
covering the cultural and social aspects of agri- 
cultural land use in developing countries. 


-The eight-day Carpenters’ Handtools 
Course, for qualified and experienced carpen- 
lcrs, lo leam how to make a range to tools using 
local hardwoods. 


-The 1-day Blacksmithing Course for 
trained metalworkers, which enables them to 
produce good quality forged tools so they can 
repair or make a range of domestic and agricul- 
tural implements. 


[TDG's emphasis on the importance of train- 
ing aS a means of dissemination has led to an 
increase in the number and type of courses of- 
fered to other institutions as well. There has been 
a very positive interest from universities in the 
UK carrying out diploma or post-graduate 
courses for overseas students. 


(fniermediate Technology News, March 
1989.) 


Improving the Performance of Flat Roof 
Coverings 


Modern building methods demand im- 
proved performance from flat roof covering 
materials, and over the last two decades many 
new products have been introduced, The Build- 
ing Research Establishment (BRE) hasacontinu- 
ing programme of research to monitor the per- 
formance of these products as they appear, often 
working with companies in testing and develap- 
ment. The overall aim is to establish a basis for 
performance-based specifications for all types of 
membrane. 


Mastic asphalt has been a successful weath- 
erproof flat roof covering for years, bul in recent 
winters lhere have been some cases of cracking in 
rools where asphalt has been laid over thermal 
insulation, Failure is thought to be due to the 
faster rate of heat loss and greater range of tem- 
peratures in the asphalt layer, BRE has carried 
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oul laboratory tests of the effect of this thermal 
shock on samples of roof similar to those that 
failed, and is devising a test method for compar- 
ing different grades of asphalt to give an indica- 
lion of in-service performance. The new poly- 
mer-modified asphalts perform considerably 
better at low temperatures. The indications are 
that they should prove satisfactory in service at 
lemperatures down to -20°C. Tests and develop- 
ment work on these new products are being 
jointly funded by Permanite Asphalt Ltd. 


In the work on bituminous membranes, BRE 
is developing methods for predicting service life, 
using laboratory techniques for simulating the 
effects of weathering and ageing in conjunction 
with measurements of resistance to Mexural fa- 
tigue of built-up membrane sections, Conven- 
tional glass-fiber-based felts can be artificially 
aged by heating at 80°C and by using combina- 
tions of heat, water and wv radiation. However, 
the newer polyester-based felts are hardly af- 
fected by these procedures and should be propar- 
tionately longer-lived in service. The current 
programme also includes the new polymer- 
modified felts used for both traditional laying and 
“‘torching on’, 


Single ply polymeric roofing membranes 
have been used in the UK for some tume now, 
primarily for very large roof areas. Tensile 
strength and faligue tests at room lemperature on 
naturally and laboratory-aged samples are show- 
ing very good performance, and the programme 
is continuing, with tests at —20°C planned. Atten- 
ion will also be focused on the requirements for 
bonded joinis: preliminary results, mainly for 
pyc materials with and withoul reinJorcements, 
indicate that ihe jointing process can reduce fa- 
Liguc resistance, 

Data from all this work 1s being conveyed lo 
BSI through BRE membership of committees, 


and through them to formulation of CEN stan- 
dards. 


(BRE News, February 1989.) 
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New Rapid-Hardening Cement Developed 


BRE has developed a new rapid-hardemng 
cement system based on calcium aluminates but 
without the inherent problems experienced with 
other cements of this type. Results of small-scale 
trials are showing promising results and the 
material offers potential for economies in pre- 
casting and in construction where rapid strength 
development is required, 


A detailed and long-ienn investigation of the 
durability of the mortars and concretes made with 
the matenals will have to be carried out before it 
can be used in production, BRE is now seeking 
partners from the industry to finance this devel- 
opment and subsequently to manufacture and 
market the cement under licence. 


The new material, to be knownas BRECEM, 
is based on mixtures of high alumina cement 
(HAC) and ground granulated blast furance slag 
(gebs) or other pozzolanic or latently hydraulic 
materials. The addition of slag has modified the 
‘conversion’ process in HAC so that BRECEM 
concrete should not be prone to the weakening 
and failure which affected some HAC concrete 
components in the 1970's. 

Trials over a period of a year show that 
concrete produced from BRECEM has rapid 
initial strength gain, and is stable even in the hot 
and humid conditions which are so damaging to 
ordinary high aluminacements. The resistance to 
sulphates and otherchemicals is expected to be as 
good as HAC concrete if not better. 


BRECEM has been developed by atcam led 
by the internationally-acclaimed BRE chemist 
Dr, A.J. Majumdar. Investigating the properties 
of new cementitious materials, they found that 
hydration of 50/50 mixtures of HAC and ggbs 
produces predominantly gehlinite hydrate, 
which does not undergo conversion, at the ex- 
pense of the calcium aluminate hydrates pro- 
duced in pure HAC which do convert. 


The technology is covered by a UK Patent 
Applicaton held by the Briush Technology 
Group, and patent applications have been filed in 
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Canada, Belgium, France, West Germany, Italy, 
Netherlands, Spain, Japan and USA. 


(BRE News, April [989) 


Site Test for Cement Content of Mortars 


A rapid, on-site method of estimating the 
cement or lume content of fresh mortars has been 
developed by BRE, providing a practical method 
of quality control during building. A prototype 
kit, produced by the Scottish Laboratory, fits into 
asmall tool box and gives accurate results in only 
Iwo Minutes. 


The strength of mortar for brickwork or 
rendering is an important factor in the iong-term 
performance of walls, but the precise mix speci- 
fication is often not achieved on site. The new 
test, named BREMORTEST, makes this pos- 
sible. It invoives mixing an accurate weight of 
mortar into a standard amount of concenirated 
phosphoric acid, and measuring the resultant rise 
in temperatare with an electronic thermometer. 
The rise is proportional to the amount of cement 
or lime in the mix. The prototype kit gives a rise 
of 28°C with a 1:4 by valume cement:sand mor- 
tar. 


The test is suitable primarily for fresh mor- 
tars made with OPC and OPC/BFS blends. 
Limestone contents of up to 10% in the mix lead 
to only a small error in the result. The cement 
content of mortar containing lime, and of set 
uncarbonated monar up to seven days oid, can 
also be estimated, althought extra calibration is 
advisable in these cases. 


(BRE News, April 1989.) 


VIETNAM 
Ferrocement Application in Ho Chi Minh 


Mr. Do Kien Quoc, an AIT graduate from 
Vietnam has undertaken a number of projects to 
use ferrocement in Vietnam. Some of these are: 
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prefabricated ferrocementclassrooms, high pres- 
sure ferrocement pipe for water supply, ferroce- 
ment sheeting for steel walls and ferrocement 
pipe manufactured by vibrator machine without 
skeletal steel. 
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(Reference and photographs from Mr. Do 
Kien Quoc, Department of Civil Engineering, 
Polytechnic University of Ho Chi Minh City, 268 
Ly Thuong Kiet Street, 0. 10, Ho Chi Minh City, 
Vietnam.) 





High pressure ferrocemeni pipe for water supply. 


Ferrocement pipe manufactured withoutskeletal steel. 





286 









ose LUFIC 
th SZ] CONSULTANTS 


Journal of Ferrocement: Vol. i9, No. 7, duty £989 


IFIC consultants are individuals who are willing to entertain referral letters from IFIC on their field 


of experise. 


ARGENTINA 


Mr. Horacio Berretta 
Iqualdad 3600 

Vilia Siburu 

5000 Cordoba 
Argentina 


AUSTRALIA 


Mr. Denis Backhouse 
Griffith University 
Nathan 4111 
Queensland 

Australia 


Mr. Jim Dielenberg 
Middle Park 3206 
Victoria 

Australia 


Mr. James Douglas Couston 
21 Brighton Avec. 

Toronto, N.S,W. 2283 
Australia 


Dr, Russell Quinn Bridge 

School of Civil & Mining Engineering 
University of Syney 

NLS. W, 2006 

Australia 


Dr. John Lindsay Meek 
Civil Engineering Dept. 
University of Queensland 
Brisbane, Queensland 
Australia 


Mr. Graeme John Tilly 
32 Hayes Terrace 
Mosman Park 

WA 6012 

Australia 


Mr. Robert John Wheen 

School of Civil and Minmg Engineering 
The University of Sydney 

Sydney 2006 

Australia 


BANGLADESH 


Mr. Kazt Ata-ul Haque 

Housing & Building Research Institute 
Darmus-Salam 

Mirpur, Dhaka 

Bangladesh 


Dr. Md. Daulat Hussain 

Faculty of Agricultural Engineering 
Bangladesh Agricultural University 
Mymensingh 

Bangladesh 


Journal of Ferrocement: Vol £9, No.9, duty 1989 


Mr, Muhammad Misbahuddin Khan 
Housing & Building Research Institute 
Darus-Salam 

Mirpur, Dhaka 

Bangladesh 


Mr. A.K.M. Syeed-ul-Haque 
Housing & Building Research Instituic 
Darus-Salam 

Mirpur, Dhaka 

Bangladesh 


BELGIUM 


Mr. V. Debeuckelaere a 
B-8550 Zwevegem 
Belgium 


Mr. Paul Tuts 
Ellestraat 44 
B-8550 Zwevegem 
Belgtum 


Mr. Jean Paul Sterck 
14 Ruitersolree! 
B-8550 Zwevegem 
Belgium 


BRAZIL 


Mr. Walter Caialfa Hehl 
Rua Alagoas 515/146 
01242-Sao Paulo 

Brazil 


Mr. Alexandre Dulio Vieira Diogenes 
Rua Monsenhor Bruno 

810 CEP:60,000, Fortaleza-Ceara 
Brazil 


Dr. Joao Bento Hanal 
Av, das Azaleas 

456, 13560 Sao Carlos-SP 
Brazil 


ay? 


Dr. Luis Alberto de Melo Carvalho 
Rua Anionio Augusto 

949 Fortaleza-Ceara, CEP:60,000 
Brazil 


Dr. Dante A.O. Martinelli 

Escola de Engenhana de Sao Carlos 
VSP., Avenida Carlos Botelito 
Brazil 


Mr. Fausto C. Tarran 
P.O. Box 20901 

0100 Sao Paulo-SP 
Brazil 


CANADA 


Dr. Colin Deane Johnston 
Department of Civil Engineering 
University of Calgary 

Calgary, Alberta T2N IN4 
Canada 


Mr. Angus D, Galbraith 
Box 518, Lake Cowichan 
British Columbia VOR 260 
Canada 


COLOMBIA 


Mr. Cipriano Londono 
A.A. 52816 

Medellin 

Colombia 


CUBA 


Mr. Hugo Wainshtok Rivas 
Calle 202 No. 23504e/235 y 239 
Fontanar, Mcpo. Rancho Boycros 
Ciudad de la Habana 

Cuba 


288 


DENMARK 


Mr. Michael Edward Freddie 
The School of Architecture 
Institute of Building Scicnee 
Koagens Nytorv I 

DK 1050 Copenhagen K. 
Denmark 


Mr. Arne Damgaard Jensen 
Technological Institute 
Building Technique 
Gregersensve} 

DK - 2630 Taastrup 
Denmark 


DOMINICAN REPUBLIC, WEST INDIES 


Mr. Antonio Jose Guerra 
Calle Jose D. Valverde 53, Santo Domingo 
Dominican Republic, West indies 


ETHIOPIA 


Dr. Haila Giorgir Workaech 
P.O, Box 1296 
Ethiopia 


FRANCE 


Mr. Alain Armane Dupuis 

Co-Manager 

SARL Chantier Naval de St. Jean D'Angle 
17620 Saint Agnant 

France 


Dr. Ripley, D. Fox 

La Roqucttic 

34190 St. Bauzille de Putois 
France 


Mr. J. Fyson 

Grand Rue 

53570 Correos (Var) 
France 


Journal of Ferrocement; Vol i¥, No. 3, daly 1989 


Mr. Rene Lepee 

Co-Manager 

SARL Chanuer Naval de St. Jean D'Angle 
17620 Saint Agnant 

France 


Mr. Adam Michel 

9 rue la Perous 

75 784 Paris Cedex 16 
France 


FEDERAL REPUBLIC OF GERMANY 


Dr. Edwin Bayer 

c/o Baubcratung Zemenl 
Beethovenstrasse 5 
D-6000 Frankfurt am Main 
Germany 


GREECE 


Dr. Tassios Theodossius 

Chair of Reinforced Concrete 

National Technical University of Athens 
42 Pauission St. 

Athens 

Greece 


GUATEMALA 


Mr. Francisco Javier Quinonez 
4a, Calle 9-13, 2.7 
Guatemala C.A. 


HONG KONG 


Mr. Peter E. Ellen 

Peter Ellen and Associates Lud. 
20/F, 167-169 Hennessy Road 
Hong Kong 


Journal af Ferrocement: Vol. 19, Ne. 3, duly 1989 


INDIA 


Mr. E. Abdul Karim 

Structural Engineering Research Center 
Tharamant P.O. 

Madras 600 113 

india 


Mr. Madhu Sudan Acharya 

Agricultural Enginecring Directoratc of 
Extension Education 

University of Udaipur 

Udaipur (Raj) 

India 


Dr. H. Achyutha 

Structural Engmeering Laboratory 
Department of Civil Engineering 
Indian Institute of Technology 
Madras 6(X) 036 

India 


Dr. N, Balasubramanian 
Asbestos Cement Lid. 
21B Peenya Phase II 
Bangalore 560 058 

India 


Dr. B.S. Basavarajaiah 

Kamataka Regional Engineering College 
Surathkal 

P.O, Srinivesnagar-574 157 

India 


Mr. Shiv Shanker Bhargara 
Insitute of Engineering and Rural Technology 
Allahabad, U.P. India 


Mr. Bhartendu Bhushan 
F-178 Naroji Nagar 

New Delhi 110029 

India 


Dr. Prakash Desayi 
Deparument of Civil Engineenny 
indian Institute of Science 
Bangalore 560012 

India 


254 


Mr. Ramachandra Murthy D.S. 
Structural Engineering Research Center 
CSIR, Campus, Taramani 

Madras-600 113 

India 


Dr. N. Ganesan 

Civil Engineering Department 
Regional Engineering College 
Calicut-673601 

India 


Mr. ¥.G. Gokhale 

Bombay Chemicals Pvt. Lid. 
CASTONE-Precast Concrete Division 
129 Mahatma Gandhi Road 

Bombay 400 023 

India 


Mr. S. Gopalakrishnan 

Scientsit 

Structural Engineering Research Cenue 
CSIR Complex 

Madras 600 113 

India 


Mr. Man Bahadur Gurung 
Assistant Engincer (Civil) 
c/o Chief Engineer 

Power Department 

Gangtok, Sikkim 

India 


Mr. D. Hariharan 
COSTED 
NT-Madras 
Madras 600 036 
India 


Mr. Alex Jacob 

136 Kalashetra Colony 
Besant Nagar 

Madras 600 090 

india 


290) 


Mr. Ashok Kumar Jain 
M/S Ashok and Associaics 
314/69 Mirza Mand:, Chowk 
Lucknow 226003 

India 


Mr. S.C. Jain 

Institute of Engincering and Rural Technology 
Allahabad 

India 


Mr. Nagesh Govind Joshi 
A/5 Adinath 

Tophil, Wadala 

Bombay 400 037 

India 


Dr. Surendra Kumar Kaushik 
Civil Engineering Depariment 
University of Roorkee 

Roorkee 247667 

India 


Mr. Ramesh Ranchhodlal Kotdawala 
L.D, College of Engineering 
Ahmedabad 380 015 

india 


Dr. A.G. Madhava Rao 

Structural Engineering Resarch Center 
Madras 600 113 

India 


Dr, S.C. Natesan 

Department of Crvil Engineering 
P.S.G. College of Technology 
Coimbatore-464 1004 

India 


Mr. N.P. Rajamane 

Structural! Engineering Research Cenue 
CSIR Campus, Tharamani 

Madras 600 113 

India 


Journal of Ferrocement: Voi. 9, Ne, 3, Juty [989 


Dr, §. Rajasekaran 

Department of Civil Engincering 
P.S.G. College of Technology 
Coimbatore 4 

Tamil Nadu, 641004 

India 


Mr. N.¥. Raman 

Structural Engineering Research Centre 
CSIR Campus, Tharamani 

Madras 600 113 

India 


Mr. kK. Ravindran 

Fishing Craft Matertals 

Central Institute of Fisherics Technology 
Cachin-682029 

India 


Mr. A. Subramanian [yer 
C-15 Yugdharma Complex 
27 Central Bazar Road 
Nagpur- 10) 

India 


Dr. B.Y. Subrahmanyam 
68. Fourth Avenue 

Ashok Nagar 

Madras 60:0 083 

India 


Mr. G.¥. Surya Kumar 

Structural Engineering Research Center 
CSIR Complex 

Tharamani 

Madras 600 113 

India 


Mr. $.P. Upasani 
R-11, N.D.S.E, Part-I] 
New Delhi-1 10049 
India 


Mr. H.V. Venkata Krishna 

Karnataka Regional Engineering College 
Surathkal (D.K.} Srinivasnagar 
Kamataka, $74 157 

India 


Journal of Ferrocement: Vel. £9, Ne, 3, Suly 1989 


INDONESIA 


Mr. Ansori Djausal 

Civil Engineering Department 
Institut Teknologi Bandung 
Jalan Ganesha 10, Bandung 
Indonesia 


Dr. Nilyardi Kahar 

Lembaga Fisika Nasionai-LIPI 
J]. Cistu-Kompleks LIPI 
Bandung 

Indonesia 


Mr. Ron Van Kerkvoorden 
Rural Water Supply Project 
West Java Indonesia 

di. Banda 25, Bandung 
Indonesia 


Mr. Aji Hari Siswoyo 

PT, WASECO TIRTA 

Consultants for Water Supply, 
Sanitation and the Environment 

Ji. Aditiawarman 28, PO Box 116/KBT 

Kebayoran Baru, Jakarta 

Indonesia 


Mr. David James Wells 
P.O. Box 410 

Jayapura, Irian Jaya 
indonesta 


Mr. Winarto 

P.O. Box 19 Bulaksummur 
Yogyakarta 

Indonesia 


ISRAEL 


Dr. F. Bljuger 
Technion Cily 
Haila 32000 
israc! 


29] 


Dr. Zvi Reichverger 
Geula Ste, 28/2 
Dfar-Sava 

Israe] 


Dr. Elisha, 2. Tatsa 

Faculty of Civil Enginering 

Technion Israel Institute of Technology 
Haifa 32000 

Israe! 


Mr. Simcha Yom-Tov 
Kibutz Dalia 18920 
Israel 


ITALY 


Mr. Vittorio Barberio 
Via Ombrone 12, 
00198 Roma 

lialy 


Dr. Fabrizio Cortelazzi 
c/o Cantierc Navale IDSEA 
Via Ponserone 5-16037 
Riva Tngoso (GE) 

Italy 


Mr. John Forbes Fyson 

Fishery Industries Officer Division 
FAO, Via delle Terme di Caracalla 
Rome 

Italy 


Dr. Franco Lev: 

Instituto di Scienza delle Costruzion 
Politecnico 

Corso Duca degli Abruzzi 24 

10129 Torino 

Italy 


JAPAN 


Mr. Hajime Inoue 
Ship Structure Division 
Ship Research Institute 
Ministry of Transport 
6-3%-1 Shinkawa 
Mitaka Shi, Tokyo 
Japan 


Dr. Makoto Kawakami 
L- 1, Tegata gakucn-cho 
Akita-shi 010 

Japan 


Mr. Yuki Kobayashi 

Japan, Ship Structure Division 
Ship Research Institute 

6-38-1 Shinkawa 

Mitaka Shi, Tokyo 181 

Japan 


Mr. Yoshitaka Mimori 
Sayama-City-Heits No. 307 
Irumagawa 3 -10- Z 
Sayama City, Saitama 
Japan 


Dr. Yoshihiko Ohama 
College of Engineering 
Nihon University 
Koriyama, Fukushima-Ken 
Japan 


Mr. Atsushi Shirai 
Department of Habitation Science, Tokyo 


Kasei Gakuin College 2600 Aihara-machi, 


Machida, 194-02 
Japan 


Dr. Hiroshi Tokuda 
Department of Civil Enginecring 
Akita University 

1-1, Tegaia gakucn-cho 
Akita-shi 010 

Japan 


Journal af Ferracement. Vol. 19, Na. 3, duty i989 


MALAYSIA 


Mr. Abang Ali Abang Abdullah 
Faculty of Engineering 

Universiti Pertanian Malaysia 
Serdang, Sclangor 

Malaysia 


Mr. Juhari bin Husin 

Faculty of Fisheries and Marine Science 
University of Agriculture 

Malaysia, Mengabang Talipot 

K. Trennggane, Trengganu 

Malaysia 


Mr. Syed Mansur Bin Syed Junid 

Department of Civil and Environmental 
Engineering 

Faculty of Engineering 

Universiti Pertanian Malaysia 

43400 UPM, Serdang, Selangor 

Malaysia 


Dr. John Chow Ang Tang 
Managing Director 

Structural Concrete Sdn, Bhd. 
No, 44 Jalan Radin Anum 2? 
Sri Petaling, Kuala Lumpur 
Malaysia 


MEXICO 


Mr. Alfonso Cardoso Medina 
Apartado Postal 2325-B Durango 
DGO. C.P. 34000 

Mexico 


NEPAL 


Mr. Krishna Raj Pandey 
Chakratirth Gaon Panchayat 
Alkatar-6, Lamjung District 
Nepal 


Journal of Ferrocemneat: Voi, 19, No.3, fily i989 


Mr. Bijaya Gopal Rajbhandari 
P.O. Box 1187 

UNICEF 

Kathmandu 

Nepal 


Mr. Raj Dass Shrestha 

Research Centre for Applied Science 
and Technology (RECAST) 

Tribhuvan University 

K irlipur 

Nepal 


NEW ZEALAND 


Mir, Douglas Alexander 
12-14 Manukau Road 
Epsom Auckland 3 

New Zealand 


Mr, Brian William Donovan 
c/o Tepapapal 

Auckland 

New Zealand 


Mr, Everard Ralph Sayer 
P.O, Box 3082 

Onerahi, Whangerei 

New Zealand 


NIGERIA 


Mr. Olusequn Adedeji 
P.O, Box 4555 

Lagos 

Nigeria 


PAKISTAN 


Mr. Mahmood A, Futehally 
Merin Limited, Data Chambers 
MLA. Jinnah Road 

P.O. Box 4145, Karachi-? 
Pakistan 


Mr. Sahibzada Faroog Ahmad Rafeegi 
303-304 Noor Estate 

Shahra-c-Faisa!, Karachi-08 16 

Pakistan 


PAPUA NEW GUINEA 


Mr. Steve Layton 
VIRTU 

Box 378, ARAWA 
North Solomone 
Papua New Guinea 


Mir. Charles Nakau 

Appropriate Technology Development 
Institue 

P.O. Box 798 

Lae, Morobe Province 

Papua New Guinea 


PHILIPPINES 


Mr. Vicente S. Traviha 
Aquaculture Department 
Southeast Asian Fisherics 
Development Center 
Tigbauan, Iloilo 
Philippines 5928 


Mr. Rodolfo Torrefranca Tolosa 
Tolosa Builders Inc. 

Las Palmas Subdivision 

Jaro, Iloilo City 

Philippines 


POLAND 


Dr. Lech Czarnecki 

Institute of Technology and Organization of 
Building Production 

Civil Engineering Department 

Warsaw Technical University 

Al. Armu Ludowe) 16 

(0-637 Warszawa 

Poland 


294 


Dr. Jan Grabowski 

Ferrocemeni Research Laboratory 
Technical University of Warsaw 
ul. Stupecka 7m 35 

02-309 Warszawa 

Poland 


Dr. Andrzej Mackiewicz 
Bonilraterska 1OB/54 

00 213 Warszawa 

Poland 


Dr. Jan Michajlowski 
Prominskeigo 29/43 
93-281 Lodz 

Poland 


Dr. Michal Sandowicz 
Ferrocement Research Laboratory 
Technical University of Warsaw 
ul. Warskicgo 25 

02-645 Warsaw 

Poland 


Dr. Greegorz Strzelecki 
Olimpijska 3m 48 
94-043 Ladz 

Poland 


Mr. Jan S* cibior 

02-726 Warszawa 

ul] Warchalowskicgo 11 m 34 
Poland 


Dr. Bernard Ryszard Walkus 
Technical University of Czestochowa 
Malachowskiego 80 

10-159 Lodz 

Poland 


RWANDA 


Mr. Theo Schilderman 
P.PC.1;, BP. 31 
Ruhengeri 

Rwanda 


Journal of ferrocemeni: Vol. 19, Ne. 2, July 1989 


SAUDI ARABIA 


Dr. Islem Ahmed Basunbul 

Chairman, Civil Engineering Department 
LUIPM No. 1895 

University of Petroleum and Minerals 
Box G17, Dhahran 31261 

Saudi Arabia 


Dr. Ghazi J. Al-Sulaimani 

Civil Engineering Department 
University of Petrolcum and Mincrals 
Box 617, Dhahran 31261 

Saudi Arabia 


SINGAPORE 


Dr. P. Paramasivam 
Department of Civil Engineering 
National University of Singapore 
Kent Ridge OS11 

Singapore 


SOUTH AFRICA 


Dr. S.W. Norton 
P.O. Box 165 
Halfway House 
South Africa 


SRI LANKA 


Mr, M.F. Marikkar 

54 Davidson Road 
Bampalapitiya, Colombo 4 
Sri Lanka 


SWEDEN 


Mis. Kerstin Kohler 
Joha Ericssonsgatan 4 
112 22 Stockholm 
Sweden 


fournal of Ferrocement: Voi. 19, Na. 3, July i989 


SWITZERLAND 


Mr. Mueller Heinrich 

c/o Baswap, G.P.O, Box 2841 
Road No, 15, House No. 19 
New Dhammodi R.A. 
Switzerland 


Mr. Hans D. Sulzer 

Institul HBT 

Swiss Institute of Technology 
8093 Zurich 

Switzerland 


TANZANTA 


Mr. Michael Henry Leach 

MBEGA MELVIN Consulting Engineering 
P.O. Box 425 

Arusha 

Tanzania 


Dr. A.A, Makange 

Tanzania Portland Cement Co., Ltd. 
P.O. Box 1950 

Dar-Es-Salaam 

Tanzania 


THAILAND 


Mr. Sorapoj Kanjanawongse 

Nakom Snthummara; Technical College 
Amphur Muang 

Nakorn Srithummaraj 

Thailand 


Dr. Worsak Kanok-Nukulchai 

Division of Structural Engineering and 
Construction 

Asian Institute of Technology 

P.O, Box 2754, Bangkok 10501 

Thailand 


295 


Dr. Pichai Nimityongskui 

Division of Structural Enginecring and 
Construction 

Asian Institute of Technology 

P.O. Box 2754, Bangkok 10501 


Thailand 


Mr. Jens Overgaard 
United Nations ESCAP 
Bangkok 10200 
Thailand 


Dr. Ricardo P, Pama 
Vice-President for Development 
Asian Institute of Technology 
G.P.O. Box 2754, Bangkok 1050] 
Thailand 


Mrs. Lilia Robles-Austriaco 

Intemational Ferrocement Intormauon 
Center 

Asian Institute of Technology 

G.P.0. Box 2754, Bangkok 10501 

Thailand 


Mr. Suddhisakdi Samrejprasong 

Director of Building Materials Laboratory 

Thailand Institute of Scientific and 
Technological Research 

196 Phahonyothin Road, Bangkok 

Thailand 


Mr. Narong Sukapaddhanadhi 

Metallurgical and Ceramic Engincenng 
Laboratory 

Thailand institute of Scientific and 
Technological Research (TISTR} 

196 Phahonyothin Road 

Bangkhen, Bangkok 

Thailand 


THE NETHERLANDS 


Mr. Chris J.A. Hakkaart 
Simonsstraat $8, 2628 TJ 
Delft 

The Netherlands 


296 


Mr. H. Hofman 
Stadhouderslaan 83 
3116 HL Schicdam 
The Netherlands 


Mr. Leewis 

P.O. Box 3231 

5203 De’s Hertogenbosch 
The Netherlands 


Mr. Cees Pieck 

Public Health & Environmental Engineering 
Deparbment 

DHY Consulting Engineers 

Breukelen, Orttswarande 22 

3621 XP 

The Netherlands 


ir. Caspar L.P.M. Pompe 
Bottelroos 8 

2651 XH Berkel en Rodenrijs 
The Netherlands 


Dr. Piet Stroeven 
H, Casimirsiraat 154 
Vlaardingen 

The Netherlands 


Mr. Jette Waltevs 
FCS 

P.B. 3090 

9701 DB Groningren 
The Netherlands 


THE PEOPLE’S REPUBLIC OF CHINA 


Mr. Hui-Xiang Li 

Building Design Institute 

China National New Bldg. Materials Corp. 
De Wai Xi-San-Qi, Beijing 

The People’s Republic of China 


Mr, Kai Ming Wang 

North-Western Institute of Architectural 
Engineering 

Alan 

The People’s Republic of China 


Journal of Ferrocement: Vol. 19, Mo. 3, Suty 1949 


Mr. Zhu Yuankaneg 

5, Jiaotong Road 

Fuzhou, Fujian Province 

The People’s Republic of China 


Mr. Guofan Zhao 

Dalian Institute of Technology 
Dalian 

The People’s Republic of China 


TONGA 


Mr. Lloyd Howard Belz 
P.O. Box 908, Nukualora 
Tonga 


U.K. 


Dr. A.A, Alwash 

17 Bakehouse Lane 
Barnsicy, South Yorkshire 
U.K. 


Dr. E.W. Bennett 

The University of Leeds 
Department of Civil Engineering 
Leeds LS2 9JT 

UK. 


Mr. AJ.K. Bisbrown 

Storage Department 

Tropical Development and Research Road 
London Road, Slough Berks 

U.K. 


Mr. Colin Brookes 

Harley & Brookes Boat Design Ltd. 
Heybridge Basin 

Maldon, Essex 

U.K. 


Mr. Peter Finch 
43'/a Pode Rd. 
Branksome 
Poole, Sorset 
U.K. 


Journal of Perrocement; Val. 29, Ne. 3, fuly 2989 


Mr. Patrick. J. Jennings 
NCL Consulting Engineers 
192-198 Vauxhall Bridge Road 
London SWIV IDX 

U.K. 


Mr. Brian Malcolm Jones 
BarFab Reinforcements 
Alma Street 

Smethwick, Warley 

West Midlands, B 662 RR 
U.K, 


Mr. Robert Gowan MacAlister 
Managing Director 

MacAlister Elliott & Partners Ltd. 
56 High Street 

Lymington, Hanis S04 9GYV 

U.K. 


Mr. John Michael Pemberton 
36 Alder Hill Grove 

Leeds 7 2PT 

UK. 


Mr. Derek Vincent Russel 
Director 


Alphacrete Construction Linings (U.K.) Ltd. 


The Chalet, Bailey Lane 
Ringway, Manchester M22 SNR 
U.K. 


Dr. Ramnath Narayan Swamy 

Department of Civil and Structural 
Engineering 

University of Sheffield 

Mappin St., Sheffield SI 3JD 

U.K, 


Mr. Jeremy Martin Morrison Turner 
Lamas Manor Norwich 

NR10 53Q 

U.K. 


Dr. Charles Bryan Wilby 

Schools of Civil and Structural Engineering 
University of Bradford 

Bradford BD7 IDR 

U.K. 


U.S.A, 


Dr. Perumalsamy N. Balaguru 
Department of Civil Engineering 

Rutgers, The State University of New Jersy 
Box 909, Piscalaway, NJ 08854 

U.S.A. 


Mr. Russell J. Bartell 
615 SW St. Lusie St. 
Stuart Fi., 33497 
U.S.A. 


Dr, Gary Lee Bowen 
P.O. Box 2311 

Sitka, AK 99835 
U.S.A. 


Mr. R. Gusler John 
6893 § Sectionline Road 
Delaware, OH 43015 
U.S.A. 


Dr. George C. Hoff 

Structures Laboratory USAEWES 
P.O, Box 631, Vicksburg, MS 39180 
U.S.A. 


Mr. Martin EF. lorns 
Ferrocement Laminates 
1512 Lakewood Drive 

W. Sacramento, CA 95691 
U.S.A. 


Prof. Antoine E. Naaman 

Department of Civil Engineering 

The University of Michigan 304 

West Engineering Building, Ann Arbor 
MI 48109 

U.S.A. 


297 


Mr. Louis Pevarnik Jr. 
P.O. Box 683, Latrobe, PA 15650 
U.S.A. 


Or. §.P. Prawel Jr. 

Department of Civil Engineering 

Staic University of New Yourk at Buffalo 
R-8 Engineering West, Amherst 

N.Y, 14260 

U.S.A, 


Mr. Steven Iddings 

5825 Horschoe Bend Road 
Ludlow Falls, OH 45339 
U.S.A. 


Mr. Guruvayur Subramaniam 
Ramaswamy 

Depariment of Civil Engineering 

University of Anzona 

Tuczon AZ 85721 

ULS.A. 


Dr. Andrei Reinhorn 

Department of Civil Engineering 

State University of New York at Buffalo 
212 Engincering West R-8 

Buffalo, NY 14260 

U.S.A. 


Mr. Eldred Hiter Robinson If 
6055 Flamingo Dr. 

514, Roanoke 

VA 

U.S.A, 


Journal of Ferracement: Vol. i$, No.3, Judy /989 


Dr. James Romualdi 
5737 Wilkins Ave. 
Pittsburgh, PA 15217 
U.S.A, 


Dr. Gajanan, M. Sabnis 
13721 Town Line Rd. 
Silver Spring MD 20906 
U.S.A, 


Mr. Stevie Smith 
5100 Channel Ave. 
Richmond, CA 94804 
U.S.A. 


Dr. Michael A. Taylor 

Civil Engineering Department 
University of Califomia at Davis 
Davis CA 95616 

U.S.A. 


Dr. Ronald F. Zollo 
Department of Civil Engineering 
University of Miami 

Coral Gables, FL 33124 

U.S.A. 


VANUATU, SOUTH PACIFIC 


Mr. Gerald James Neuburger 
P.O. Box 240 

Santo 

Vanuatu, Southwest Pacific 


Journal of Ferrocement: Vol. 9, Na.3, July 1989 








INEIC IRIBIFIEIRIEIN CIE 
CIENTIEIRS 





Ferrocement basic reference colicction ts available in the following IFIC Reference Centers. Each 
Center has a resource person who will cntertain queries on ferrocement. 


ARGENTINA 


Universidad Nacional del Sur 


Civil Enginecring Department (Concrete Area) 


Avda. Alem 1253 

(8000) Bahia Blanca 

Argentina 

Resource Person: Prof. ing, Rodolfo Ernesta 
Serralunga 


AUSTRALIA 


Australia Ferro-cement Marine association 
10 Stanley Ave. 

Canterbury, 3126, Victoria 

Australia 

Resource Person: Mr, Kevin Duff 


BANGLADESH 


Bangladesh Institute of Technology (B.1.T.)} 
Civil Engineering Department 

Khuina 

Bangladesh 

Resource Person: Mr. A.A M. Akhiaruzzaman 


Bangladesh University of Engineering 
and Technology 

Civil Engineering Department Library 

Dhaka 

Bangladesh 

Resource Person: Dr. AM.M.T. Anwar 


BRAZIL 


Associacao Brasileira de Cimento Portland 
Av. Torres de Oliveira, 76 

05347 Sao Paulo/Sp 

Brazil 

Resource Person; Mr, Adriono Wagner Sallarin 


Pontificia Universidade Catolica do Rio 
de Janeirio 

Civil Engineering Library 

Rua Marcpues de Sao Vicente 225 

Gavea 22.453, Rio de Janeiro 

Brazil 

Resource Person: Prof. K. Ghavami 


Universidade Catolica de Pelotas 

Laboratory of Material Resistance/ 
Construction Materials 

Rua Felix de Cunha, 423 

Caixa Postal 402, Pelotas 

RS, Brazil 

Resource Person: Mr, Sergio Lund Azevedo 


CHILE 


Pontificia Universidade Catolica de 
Chile 

Departmento de Ingenieria de Construction 

Escuela de Ingenicria 

Vicuna Mackenna 4860 

Casilla 6177, Sanuago 

Chile 

Resource Persan: Mr. Carles Videla C. 


x} 


Universidad Federico Santa Maria 

Main Library 

Casilla 110-V, Valparaiso 

Chile 

Resource Person: Professor Pablo Jorquera 


CHINA 


Dalian Institute of Technology 
Structura! Laboratory 

Dalian, 116024 

China 

Resource Person: Professor Zhao Guofan 


Research Institute of Building Materials and 
Concrete 

Guanzhuang, Chaoyang District, Beipfing 

China 

Resource Person: Mr, Lu iHuitangy 


Suzhou Concrete and Cement Products 
Research Institute 

Information Research Department 

State Administration of Building Materials 
Industry 

Suzhou, Jiangsu Province 

China 

Resource Person: Mr. Xu Ruyuan 


COLOMBIA 


Universidad dei Cauca 

Facullad de Ingeniera Civil 

Popayan, Colombo 

Resource Person: Prof. Rodrigo Cajiag V. 


CUBA 


Technical Information Center 

Empresa de Proyectos de Obras para el 
Teansporte 

Oficios 172 

Cuba 

Resource Person: Mr. Fidel Delgado 
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ECUADOR 


Pontificia Universidad Catolica dei 
Ecuador 

Facultad de Ingenieria 

Apartado 2184, 12 de 

Octubre y Carton 

Quito, Ecuador 

Resource Person: Sr. Valentine Carlderan VV’. 


EL SALVADOR 


Universidad de El Salvador 

Faculty of Engineering and Architecture 
Library 

Facultad de Ingeniena y Arquitectura 

San Salvador 

E} Salvador 

Resource Person: Ing, Roberto O. Salazar M. 


ETHIOPIA 


University of Addis Ababa 

Faculty of Technology, Southern Campus 
P.O, Box 518, Addis Ababa 

Ethiopta 

Resourse Person: Dr. Zawde Berhane 


GUATEMALA 


Centro de Estudias Mesaomericano sobre 
Technologia Apropriada (CEMAT) 

Cemat Documentation Center 

4a Ave. 2-28 Zona | 

Guatemala City 

Guatemala 

Resource Person: Mr. Edeardo Caceres 


Universidad de San Carlos de Guatemala 
Central Library Architecture 

Facultad De Arquitectura 

Ciudad Universitaria, Zona 12 

Guatemala City 

Guatemala 

Resource Person: Lic. Raquel P. de Recinos 
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HUNGARY 


Central Library of the Technical University 
of Budapest 

H-111] Budapest 

Budafoki Ut, 4 

Hungary 

Resource Person: Dr. Eng. imre Lebovyits 


INDIA 


Indian Institute of Technology 
Departmental Library 

Building Technology Division 
Building Science Block 

Civil Engineering Department 
Madras 600 036 

India 

Resource Person: Dr. TP. Ganesan 


Calicut Regional Egnineering College 
P.O, Calicut Regional Engineering College 
Calicul 673601, Kevala 

India 

Resource Person: Dr. K. Subramania flyer 


Malaviya Regional Engincering College 
Jaipur 302017, Rajasthan 

India 

Resource Person: Dr. M. Raisinghant 


University of Roorkee 
Department of Civil Engineering 
Roorkee 247667 

india 

Resource Person: Dr. S.K. Kaushik 


INDONESIA 


Hasanuddin University 
Heavy Laboratory Building 
Faculty of Engineering 
Jl, Mesjid Raya 55 
Wyjung Padang 
Indonesia 
Resource Persons; fr, 1B, Manga 
fr. M_. Amin Hayat 
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Institut Teknologi Bandung 

Center for Rescarch on Technology 

institute for Research 

P.O, Box 276 

Bandung 

Indonesia 

Resource Persons: Dr. Widiadnyana Merati 
fr. Omemar Handajo 
Dr, Putt Tamin 


Petra Christian University 

Jalan Siwalankerto 121-131 

Tromolpos 5304 

Surabaya 

Indonesia 

Resource Person; Mr. Hurijante Koentjoro 


University Lampung 

Civil Engineering Department 
Kampur Gedung Menang 

Bander Lampung 

Indonesia 

Resource Person: Mr. Ansori Djausal 


MALAYSIA 


Universiti Pertanian Malaysia 
Faculty of Engincering 


Serdang, Selangor 
Malaysia 
Resource Person: Dr. Abang Att 
Dr, Abang Abdullah 
MEXICO 


Universidad Autonoma de Nuevo Leon 
Civil Engineering Institute 

Civil Engineering Faculty 

Apdo. Postal 17 

San Nicolas de los Garza 

Nuevo Leon 
Mexico 
Resource Person; Professor Dr, Raymundo 
Hivera Villareal 


abe 


MOROCCO 


Centre National de Documentation 
BP 826 Charii Maa Al Ainain 
Haut-Agdal, Rabat 

Morocco 

Resource Person: Miss Karima Frej 


NIGERIA 


University of {hadan 
Department of Civil Engineering 
Ibadan 

Nigeria 

Resource Person: Dr. G.A. Acade 


University of Ilorin 

Department of Civil Engineering 
P.M.B. 1518, Ilorin 

Nigeria 

Resource Person: Or, OA, Adetifa 


PAKISTAN 


University of Engineering and Technology 
Facully of Civil Engineering 

Department of Civil Engineering 

Lahore 31 

Pakistan 

Resource Person: Professor Ziauddin Main 


PERU 


Pontificia Universidad Catolica del Peru 
Laboratorio de Resistencia de Materials 
Dpto, de ingenicria 

Apartado 12534, Lima 

Peru 

Resource Person: Ing. Juan Harman tafantes 


PHILIPPINES 


Central Philippine University 

College of Engineering 

Jaro, Doilo City 590] 

Philippines 

Resource Person: Engr. Francisce M. France 
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Mindanao State University 

Regional Adaptive Technology Center 
Marawi City 

Philippines 

Resource Person: Dr, Cosain Derico 


Philippine Business for Social Progress 
Center for Rural Technology Development 
San Isidro, Calauan 

Laguna, Philippines 

Resource Person: Mr. faume Aristotle B. Alip 


Philippine Council for Industry & Energy 
Research & Development 

Rm, 513, 5th Floor Ortigas Building 

Orligas Avenue, Pasig 

Metro Manila, Philippines 

Resource Person: Mr. Romualdo A. Chrivez ir 


University of Nueva Caceres 

College of Engineering 

Naga City, Philippines 

Resource Person: Engr, Andrie P. Friue! 


University of the Philippines 

College of Engineering 

Diliman, Quezon Cily 

Metro Manila 3004 

Philippines 

Resource Person: Professor lose Ma, de Casira 


PUERTO RICO 


University of Puerto Rico 

Matenals Laboratory 

Faculty of Engineering, Mayaguez 00704 
Puerto Rico 

Resource Person: Professor Roberto Huvke 


REPUBLICA DOMINICANA 


Universidad Catolica Madre y Maestra 

Civil Engineering Departmnet 

Santiago de los Cabaleros 

Republica Dominicana 

Resource Person: Professor ing. Orlanaa 
Franco 
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ROMANIA 


Institutul Politechnic 

Laboratorul de Beton Armat 

Sur. G. Bariliu nr, 25, Cluj Napoca 
Romania 

Resource Person: Ing. Ladislau Szigeti 


SAUDI ARABIA 


King Abdulaziz University 
Department of Civil Engineering 
P.O. Box 9027, Jeddah 21413 
Saudi Arabia 

Resource Person: Dr. Sf, Al-Noury 


SRI LANKA 


National Building Research Organization 

Ministry of Local Government, Housing 
and Construction 

99/1 Jawattie Road 

Colombo, Sri Lanka 

Resource Person: Mr. J.§. Pathirana 


THAILAND 


King Mongkut’s Institute of Technology 
Thonbuci 

KMIT Library 

91 Suksawasdi 4 Road 

Bangkok 10140 

Thailand 

Resource Person: Dr. Kraiwood Kiattikomo! 

Nongkhai Industrial and 
Boatbuilding Center 

Ampur Muan, Nongkhai 43000 

Thailand 

Resource Person: Mr. Surasak Arporntewan 


Training 


Prince of Songkla University 

Department of Civil Engineering 

P.O. Box 2 Korhong Hatyai 

Songkla 90132 

Thailand 

Resource Person: Dr Vachara Thongcharoen 


A038 


Yasothon Technical College 

Amphur Muang 

Yosothon 35-000 

Thailand 

Resource Person: Mr. Songsawat Tiphyakongka 


TRINIDAD, WEST INDIES 


University of the West Indies 
Department of Civil Engineering 

St. Augustine 

Trinidad, WI. 

Resource Person: Mr. Robin Osborne 


TURKEY 


Cukurova University 

Civil Engineering Department (Reading Room) 
Faculty of Engineering and Architecture 

Adana 

Turkey 

Resource Person: Dr. Tefaruk Haktanir 


Dokuz Eylul Universitesi 
Muhendislik-Mimarlik Facultesi 
Insaal Muhendisligi Bolumu 
Bomova-Izmir 

Turkey 

Resource Person: Dr. Buient Baradan 


VIETNAM 


Institute of Communication and Transport 
Ferrocement Center 

Hanoi, Viemam 

Resource Person: Mr. Do Toan 


ZIMBABWE 


University of Zimbabwe 
Department of Civil Engineering 
P.O. Box MP 167 

Mount Pleasant, Harate 

Zimbabwe 

Resource Person: Dr. AG. Mponde 
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of motorized barges, tugs and fishing vessels besides tanks and buildings stnce 
1960, Mr. Alexander pioneered the research and development of high tensile . 
wire reinforced fibrous ferrocement. He has published numerous papers on the 4 Ls 6 
subject. His book "Widening Application of Ferrocement" outlines the theory ole Cie 
and practice of the high tensile wire reinforced fibrous ferrocement. He is a member of the Editorial 
Board of the Journal of Ferrocement and a corresponding member of AC] Committee 549 on 
Ferrocement. 
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Abstracts 


FP124 FACTORS INFLUENCING THE DURABILITY OF FERROCEMENT 


KEYWORDS: Carbonation, Corrosion, Cracking, Durability, Ferrocement, Reinforced 
concrete, Prolection 


ABSTRACT: Corrosion of the ferrocement mesh has affected several ferrocement 
structures. A knowledge of the factors influencing the durability of ferrocement is indeed 
vital. In this paper, the durability factors for reinforced concrete are first presented. Based 
on the discussion of reinforced concrete durability, the factors influencing the durability 
of ferrocement are set forth. The behaviours of reinforced conerete and ferrocement with 
regards to the phenomenon of durability differ only in the degree of protection provided by 
their assembly. The superior resistance of ferrocement to invading acid ions and gaseous 
CO, is probably due to the use of galvanized stccl, fine grained well-graded sands, low 
water cement ratios, chemical neutralization by the alkalinity of mch mortars, and to 
compaction which is readily obtained as a consequence of the reduced mass of the 
ferrocement. In contrast, reinforced concrete uses coarse aggregate which makes void 
filling more difficult, lower cement ratios which may reduce the alkali content and greater 
mass which within the limits of economic constraint makes the probability of full 
compaction less likely. 


REFERENCE: Alexander, D, 1989, Factors influencing the durability of ferrocement. 
Journal of Ferrocement 19(3), 215-222, 


FP125 FERROCEMENT FISHING BOAT 
KEYWORDS: Boats, Construction, Cost, Ferrocement, Indonesia 


ABSTRACT: The demand for fishing boats to strengthen the growth of offshore 
fisheries is increasing, as aresult, there is a need to identify alternatives to woodcn boats. 
The DTC-ITB has developed six types of ferrocement boat to answer this need. The 
ferrocement fishing boats developed by DTC-ITB did not only serve as an excellent 
alternative to wooden boats but the technology ts also found to be appropriate for the 
Indonestan Development Plan. 


REFERENCE: OemarHandoyo. 1989. Ferroccment fishing boat. Journal of Ferrocement 
19(3): 223-227. 
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FP126 FERROCEMENT FLOATING DOCKS: A SOLUTION FOR THE MARINA IN 
CAYO LARGO DEL SUR 


KEYWORDS: Construction, Docks, Ferrocement, Floating docks, Cuba 


ABSTRACT: An economical soiulion for the construction of light berths for pleasure 
crafts is described. This soluuion as applied to Cayo Largo del Sur, more than 100 km far from 
the main Island of Cuba, increases in importance since it greatly reduces the transportauicn 
volume of construction materials in relation to the traditional berths. Some consirucuon 
details, the gencral dimensions of the facilities, and the harmonization of the structures wiih 
the environment are shown. 


REFERENCE: Pajon Brache, R. 1989. Ferrocement floaung docks: A solution for the 
marina in Cayo Largo del Sur, Journal of Ferrocement 19(3): 229-234, 


FP127 FERROCEMENT SHEETING FOR STEEL HULL 
KEYWORDS: Boats, Corrosion, Ferrocement, Hulls, Shecuing, Steel, Vietnam 


ABSTRACT: — A new technique using ferrocement for lining stec] hull is presented. Thie 
construction procedures in treating a steel vessel with corrosion problems is described, as 
applied toa 20 miong and 5m wide steel vesscl in Vietnam. It was shown that this methcd 
is economically feasible and could also be employed to wooden vessels to protect them from 
the attack of shipworms, 


REFERENCE: Do Kien Quoc. 1989. Ferrocement sheeung for sicel hull. Journal of 
Ferrocement 19(3): 235-238. 


FP128 FERROCEMENT VESSELS IN CHINA 


KEYWORDS: Barges, Boats, Ferrocement, Marine applicalons, Production, Ships, 
Trawlers, Vessels, China 


ABSTRACT: For over three decades, ferrocement vessels have been widely produced 
and adopted in the People's Republic of China. Its field of application has extended widely 
as well. Experimental researches have been conducted to devclop mechanized methods of 
construction of the vessel, due to the sicady growth of production need, The modem 
production methods have improved the quality of the vessels. Several vessels, wih theer 
varying applications, are presented in thisreport, These ferrocement vessels have proved 
to be technically and economically satisfactory. 


REFERENCE: Editorial Group-Shanghat Ship and Shipping Research Institute; Jiujiang 
Expenmental Building Yard of Concrete Vessels; and Jiujiang Design and Research Instituic 
of Concrete Vessel Engineering. 1989. Ferrocement vessels in China. Journal of 
Ferrocement 19(3): 239-249, 
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FP129 FERROCEMENT FOR WATER TREATMENT PLANT SHIP 
KEYWORDS: Design, Ferrocement, Ships, Water treatment, China 


ABSTRACT: — The technique of producing fresh water incementships has been developed 
in China since 1970, These ships are referred to as water treatment plant ships and they are 
used to supply fresh water to medium and small sized citics as well as large and medium 
sized industrial enterprises. The experience on the design and use of remlorced concrete and 
ferrocement for this type of shipis discussed. It was concluded based from performance that 
ferrocemenl is suitable for small walter treatment plant ships while reinforced concrete is 
good for bigger ships. 


REFERENCE: Huang Youzhen. 1989, Ferrocement for water treaument plant ship. 
Journal of Ferrocement 19(3): 251-255. 


FP130 SONGKLA LAKE FISHING BOAT 
KEYWORDS: Boats, Construction, Design, Ferrocement, Thailand 


ABSTRACT: The Songkla Tinsulanond Fishing College investigated the possibility of 
building low-cost fishing boats. Consultants of the college recommended the use of 
ferrocement asa construclion matcrial. The transfer of the technology to students of the 
college ts presented. 


REFERENCE: Sukda Konganum. 1989. Songkla Lake fishing boat. Journal of 
Ferrocement '9(3): 257-259. 
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QP INTERNATIONAL 
ZG MEETINGS 





July 17-20, 1989: Eighth International Con- 
ference on Alkali Aggregate Reaction, Kyoto, 
Japan, Contact: Conference Services, The Soci- 
ety of Matcrials Science, Japan, 1-101, lzumi- 
dono-chou, Sakyou-ku, Kyoto 606, Japan. 


July 24-26, 1989: International Conference 
on Composite Structures, Paisley, Scotland. 
Contact: Dr. I.H. Marshall, Department of Me- 
chanical and Production Engineering, Paisley 
College of Technology. High St., Paisley, Scot- 
fand PAI 2BE. 


August 1-2, 1989; Structural Dynamics Sym- 
posium, Kuala Lumpur, Malaysia. Contact: 
The Secretary, SDS ‘89, Faculty of Civil Engi- 
necring, Universitit Teknologi Malaysia, Jalan 
Semarak, 54100 Kuala Lumpur, Malaysia. 


August 8-] 1], 1989: Fifth International Con- 
ference on Structural Safety and Reliability 
(ICOSSAR '89), San Francisco, U.S.A. Con- 
tact: ICOSSAR ‘89 Secretanat, c/o ASCE, 345 
East 47th St, New York, NY 10017-2398, 
U.S.A, 


August 27, 1/989; Second Symposium on Con- 
crete and Structures, Jakarta, Indonesia. 
Contact: Engr. J.S.¥. Tan, Conference Organ- 
izer, 150 Orchard Road #07-14, Singapore 0923, 
Tel: 7332922; Telex: RS 33577 COMPA; Fax: 
(065) 2353530. 


August 24-25, 1989; Fourteenth Conference 
on Our World in Concrete and Structures, 


Singapore, Contact: Engr. J.S.Y. Tan, Confer- 
ence Director, 150 Orchard Road #07-14, Sin- 
gapore 0923, Tel: 7332922; Telex: RS 33577 
COMPA; Fax: (065) 2353530. 


August 25-28, 1/989: Seventh International 
Conference on Composite Materials, Beijing, 
China. Contact: Mr. Tu Dezhang, China Society 
of Aeronautics and Astronautics, 67 South St., 
Jiao Daokou, Beijing, China. 


August 24, 1989: Second Symposium on Con- 
crete and Structures, Malaysia. Contact: Engr. 
J.S.¥. Tan, Conference Organizer, 150 Orchard 
Road #07-14, Singapore 0923, Tel: 7332922: 
Telex: RS 33577 COMPA; Fax: (065) 2353530. 


September 5-8, 1989: The Second Beijing 
International Symposium on Cement and 
Concrete, Beijing, China. Contact: Mr, Zhaoqi 
Wu, China Building Materials Academy, 
Guanzhuang, East Suburb, Beying 100024, 
China. 


September 6-8, 1989: IABSE Symposium on 
Durability of Structures, Lisbon, Portugal. 
Contact: Organizing Commitice, 1989 I[ABSE 
Symposium, LNEC, Avenida do Brazil 101, 
P-1799, Lisbon, Portugal. 


September 8-11, 1989: NZCRA/NZCS Pacific 
Concrete Conference, Auckland, New Zeal- 
and. Contact: The Secretary, New Zealand 
Concreie Society, P.O. Box 17-268 Karon, 
Wellington, New Zealand. 
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September 1/—15, 1989; 10 Years of Progress 
in Shell and Spatial Structures: 30 Aniversary 
of LASS, Madrid, Spain. Contact: Sr. D.A. de 
las Casas, Laboratonio Central de Estructuras y 
Materiales-Cezex, Alfonso XII, 3, 28014 
Madrid, Spait.. 


September 18-20, /989: International Confer- 
ence on Pumped Storage, Manchester, U.K, 
Contact: Conference Office, Institution of Civil 
Engineers, 1-7 Great George St, Westminster, 
London, U.K. SWIP 3AA. 


September 18-20), 1989: International Confer- 
ence on Recent Developments in Fiber Rein- 
forced Cement and Concrete, Cardiff, U.K. 
Contact: Dr. B. Barr, Conference Sccretary, 
school of Engineering, Untversity of Wales 
College of Cardiff, Newport Road, Cardiff, U.K. 
CF2 1 XH, Tel: Cardiff (0222) 874000 Ext, 5692/ 
4826; Fax: (0222) 371921; Telex: 498635 
Uhibele, 


September 18-20, 1989; New Roles for the 
Engineer in a Changing World, Italy. Contac 
SEFITAL 1989, Presidenza della Facolta 
d'Ingegneria, Piazzale V, Tecchio 80, 1-80125, 
Naples, Haly. 


September $9-27, 1989: International Con- 
ference on Civil and Structural Engineering 
Computing, London, U.K. Contact: Dr, B.H.V. 
Topping, Department of Civil Engineering, Her- 
lot- Watt University, Riccarton, Edinburgh, U.K. 
EH 14 4AS. 


September 19-2], 1989: An International 
Conference on Engineering and Tourism, 
Malacca, Malaysia. Contact: The Institution of 
Engincers, Bangunan Ingenicur, Lots 60 & 62, 
Jalan 52/4. P.O. Box 223, Jalan Sultan, 46720 
Petaling Jaya, Sclangor Darul Ehsan, Malaysia. 


September 20-22, 1989: Application of 
Artificial Intelligence Techniques to Civil and 
Structural Engineering, U.K. Contact: Dr. 


B.H.V¥. Topping, Department of Civil 
Engincering, Heriot-Watt University, Riccarton, 
Edinburgh, U.K. EH14 4AS8. 


September 20-22, 1989: Conference on Struc- 
tural Adhesives in Engineering If, Bristol, 
U.K. Contact: Mr. J. Herriot, SAE Ii, Butter- 
worth Scientific Lid., P.O. Box 63, Westbury 
House, Bury Su. Guildford, Surrey, U.K. GU2 
5BH. 


September 20-22, ]989: International 
Conference on Recent Developments on the 
Fracture of Concrete and Rock, CardilT, U.K. 
Contact: Dr. B. Barr, Conference Secretary, 
School of Engg., University of Wales College of 
Cardilf, Newport Road, Cardiff, U.K. CF2 1XH. 
Tel: Cardiff (0222) 874000 Ext 5692/4826; Fax: 
(0222) 371921; Telex; 498635 Libel g. 


Seeptember 27-29, 1989: Implementation of 
Quality in Construction, Denmark, Contact: 
European Organisations for Quality, c/o 
Copenhagen Congress Center, Bella Center A/S, 
Center Boulevard DK-2300 Copenhagen §, 
Denmark. 


September 28-29, 1989: International Sympo- 
sium on Noteworthy Developments in 
Prestressed and Precast Concrete, Singapore. 
Contact: Engr. J.S.¥. Tan, Symposium Director, 
150 Orchard Road 407-14, Singapore 0923, Tel: 
7332922: Telex: RS 33577 COMPA, Fax: (065) 
2353530. 
October 2-6, 1989: 9th European Congress on 
Corrosion, Utrecht, the Netherlands, Contact: 
Congress Bureau, Royal Netherlands Industnes 
Fair, P.O. Box 8500 3503 RM Utrecht, the Neth- 
erlands. 


October 3-4, /989: Concrete and Structure— 
Malaysia, Malaysia. Contact: Engr. J.S.Y. Tan, 
Conference Director, 150 Orchard Road #07-14, 
Singapore 0923. Tel: 7332922; Telex: RS 33577 
COMPA. Fax: (065) 2353530. 
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Ociober 4-6, 1989; Third International Con- 
ference on the Use of Superplasticizers and 
Other Chemical Admixtures in Concrete, 
Ottawa, Canada. Contact: H.S. Wilson, P.O. 
Box 3065, Station C, Ottawa, Ontario, Canada 
KIA OG1. Tel: (61)996-5617; Telex: 053- 3117; 
Fax: (61) 952-2587. 


October 16~—77, 1989: Expert Systems in Civil 
Engineering, Italy. Contact: [SMES 
Sccretariai-Continuing Education Seminars, 
Viale G. Cesare 29, {-24100 Bergamo, Italy. 
Telex: 301249 ISMES f; Fax: (Int + 3935) 211 
19]. 


October 17-18, 1989: A Specialty Conference 
on Concrete Cancer, Singapore. Contact: Engr. 
J,8.¥. Tan, Conference Director, 150 Orchard 
Road #07-14, Singapore 0923. Tel: 7332922: 
Telex: RS 33577 COMPA; Fax: (065) 2353530. 


October 21-24, 1989; Third International 
Conference on the Deterioration and Repair 
of Reinforced Concrete in the Arabian Gulf, 
Bahrain, Contact: Concrete I], The Conference 
Secretanat, The Bahrain Society of Engineers, 
P.O. Box 835, Manama, Bahrain. 


October 23-28, 1989; Fourth International 
Symposium on Practical Design of Ships and 
Mobile Units, Butgaria, Contact: Prads ‘89, Or- 
ganizing Committee, Bulgarian Ship Hydrody- 
namics Center, 9000 Varna, Bulgaria. Tel: (052) 
775180, (052) 775186; Telex: 77497 BSHC BG. 


October 23-28, 1989; IAHS World Congress 
on Housing, Oporto, Portugal. Contact: Prof, 
Oktay Ural, AHS, Housing Congress—Ponugal, 
P.O. Box 340254, Coral Gables, Miami, Florida 
33134, U.S.A.; Prof, Vitor Arbrantes, Facuidad 
de Engenhana, Gabinete de Construcoes Civis, 
Rua dos Bragas, 4099 Porto Codex, Portugal. 


November 6-8, 1989: Trial Embankments on 
Malaysian Marine Clays: Prediction & 
Performance, Malaysia. Contact: lr. Chua Lee 
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Boon, Hon. Sec., International Symposium, ¢/o 
Institution of Engineers, Malaysia, Bangurian 
Ingeneur, 60-62, Jalan 52/4, Peti Surat 223, 
46720 Petaling Jaya, Selangor Darul Ehsan, 
Malaysia. 


November 6-9, /989: Symposium on Compos- 
ite Materials: Fatigue and Fracture, Orlando, 
U.S.A. Contact: Ms. D. Savini, ASTM, 1916 
Race $t., Philadelphia 19103, U.S.A. 


November 7-9, 1989: Asia Pacific Structural 
Analysis Conference, Kuala Lumpur/Ma- 
lacca, Malaysia. Contact: Organising Secretary, 
APSAC, Faculty of Civil Engineering, Universiti 
Teknologi Malaysia, Jalan Semarak, £4100 
Kuala Lumpur, Malaysia. 


November 8-9, 1989: International Sympo- 
sium on Architectural Precast Concrete 
Cladding-Its Contribution to Lateral Resis- 
tance of Buildings, Chicago, Illinois, U.S.A. 
Contact: Sidney Freedman, Director, Architec- 
tural Precast Concrete Services, Prestressed 
Concrete Institute, 175 West Jackson Boulevard, 
Suiie 1859, Chicago, [linois 60604, U.S.A, Tel: 
(312) 786-0300; Fax: (312) 786-0353. 


November 8-10, 7989; Conference UK Corro- 
sion ‘89, Blackpool, U.K. Contact: Programme 
Coordinator, UK Corrosion ‘89, Exeter House, 
48 Holloway Head, Birmingham, U.K. Bl INQ. 


November [3-17, 1989; The Changing Roles 
for the Public and Private Sectors in Urban 
Development, Japan. Contact: IFHP Congress 
Dept., 43 Wassenaarseweg, 2596 CG The 
Hugue, The Netheriands, 


Navember 4-16, [989: World Water ‘89, 
London, U.K. Contact: ICE, 1-7 Great George 
St., London, U.K. SWIP 3AA. 


November 14-17, /989° Engineering Solutions 
for Corrosion in Oil and Gas Applications, 
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Milan, Italy. Contact: Prof. R.N. Parkins, The 
University, Newcasle Upon Tyne, U.K. NEI 7 
RU. 


November 20-23, 7989; International Confer- 
ence on Evaluation of Materials Performance 
in Severe Environments, Japan, Coniact: Sec- 
retariat, EVALMAT'S9, The Iron and Steed Inst- 
lute of Japan, Keidanren Kaikan, 1-9-4 Otema- 
chi, Chiyoda-ku, Tokyo 100, Japan. 


November 22, 1/989: AFPC/ATBTP Confer- 
ence on the Future of Concrete, Paris, France. 
Contact: Association Francaise pour la Construc- 
ion, 46, Avenue Aristide Briand, F-92220 Bag- 
naux, France. 


November 22-24, /989: European Conference 
on Materials, Aachaen, German Federal Re- 
public, Contact: Deutsche Gesellschaft fur 
Metallkunde c¥ Adenaucrallee 21 D-6370 
Oberursel !, Federal Republic of Germany. 


February [2-/4, 1990; Technological 
Development in ASEAN-Issues and Options, 
Malaysia. Contact: CAFEO 8 Secretariat, The 
Institution of Engineers, Malaysia, P.O. Box 223 
Galan Sultan), 46720 Peteling Jaya, Sctangor 
Dara Ehsan, Wesi Malaysia. 


February 13-16, 1990: TechEx '90 Hungary- 
The Techaolgy Transfer, Hungary. Contact: 
[part Reklam cs Propaganda Vallalat, 1081 
Budapest VU, Rakoczi ut 57, Hungary. Telex: 
22-7224; Fax: 133-257, 


February 15-16, 1990; 4th International 
Conference on Steel Structures and Space 
Frames, Singapore, Contact: Engr. J.S.Y. Tan, 
Confcrence Director, 150 Orchard Road #07-14, 
Singapore 0923. Tel: 7332922; Telex: RS 33577 
COMPA; Fax: (065) 2353530. 


March 25-30, 1290: Symposium on Concrete 
Durability, Toronto, Canada. Contact: Mr. 
Paul Klicger, Consultant, P.O, Box 2275, North- 
brook, [lino 60065-2275, LSA. 
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March 27-28, 1990; Modern Techniques in 
Construction, Singapore. Contact: Engr.J.S.Y. 
Tan, Conference Director, 150 Orchard Road 
#07-14, Singapore 0923, Tel: 7332922; Telex: 
RS 33577 COMPA; Fax: (065) 2353530, 


March 28-30, 7990: International Conference 
on Bridge Management, Guildford, U.K. 
Contact: M.J. Ryall, Civil Engineering 
Department, University of Surrey, Guildtord, 
U.K. GU2 5XH. 


April 2-4, 1990; Conference on Pumped 
Storage, London, U.K. Contact: ICE, 1-7 Great 
George St., London, U.K. SW1P 3AA. 


April4—6, 1990: Computer Aided Analysis and 
Design of Concrete Structures, Austria. 
Contact: Dr. Nenad Bicanic, Dept. of Civil 
Engineering, University College, Swansea, 
Singicton Park, Swansea, U.K. SA2 SPP. 


Aprif 25-28, /990: The International 
Conference on Structural Engineering and 
Computation, China. Contact: Prof. Gong 
Yaonan, Solid Mechanics Research Center, P.O. 
Box &5, Beijing 100083, China. 


May 14-77, $990: International Symposium 
on Admixtures for Concrete: Improvement of 
Properties, Barcelona, Spain, Contact: Prof, 
Dr, E. Vasquez, Departamento de Ingenicriade la 
Construccion, Escuela Tec. Sup. Inginieros de 
Caminos, Canales y Puertos, Jorge Girona Sal- 
gado 31, 08034 Barcelona, Spain. 


May 20-22, 1990: Second International Sym- 
posium on Applications of High Strength Con- 
cretes, California, U.S.A. Contact: Prof, 
Weston T. Hester, 215 McLaughlin Hall, Univer- 
sily of California, Berkeley, California 94720, 
U.S.A. 


May 20-25, i990: 13th International 
Congress of the Precast Concrete Industry- 
BIBM 90, U.K. Contact: Concorde Services 
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Lid., 10 Wendell Road, London, U.K. W129RT, 
Fax: 01-743-1010, 


June 3-7, 1990; FIP '90: XIth International 
Congress on Prestressed Concrete, Hamburg, 
U.K. Contact: Dr. J. Dougill, FIP, The Institution 
of Structural Engincers, 11 Upper Belgrave St., 
London, U.K. SW1X &BH. 


Seplember 3-5, 7990: Concrete for the 90's, 
Australia. Contact: Concrete for the 90's, GPO 
Box 1571, Sydney NSW 2001, Australia. 


September 5-7, 1990: Mixed Structures, 
including New Materials, Belgium. Contact: 
IABSE Symposium 1990, Residence Palace, 
Rue de la Loi 155-Boite 1, B-1040 Brussels, 
Belgium. 


September 1/-13, 1990: The Protection of 
Concrete, Scotland. Contact: Dr. R.K. Dhir, 
Concrete Technology Unit, Dept, of Civil 
Engincering, The University, Dundee, Scotland 
DDI 4HN. 


September 24-27, 1990; Sixth International 
Congress on Polymers in Concrete, Shanghai, 
China. Contact: [CPIC-90 Scerctariat, c/o Asso- 
clate Prof. Tan Muhua, Institute of Materials 
Science and Engineering, Tongji University, 
Shanghai, China. 
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October 3-3, 1990: 2nd National Structural 
Engineering Conference, Australia, Contact: 
Conference Manager, 2nd National Conference, 
Institution of Engincers, Australia, 11 Navona! 
Circuit, Barton Act 2600, Australia. 


February 10-15, 1997; International Sympo- 
sium on Polymer Materials Preparation 
Characterization and Properties, Melbourne, 
Australia. Contact: RACE Polymer Division, 
P.O. Box 224, Belmont Victoria 3216, Australia. 


June 3—7,/997; Lith FIP Congress, Hamburg, 
West Germany. Contact: FIP Office, The Insti- 
tuuion of Structural Engineers, 11 Upper 
Belgrave Street, GB-London, U.K SWIX 3BH, 


Sepiember 3-6, 7997: Diagnosis of Concrete 
Structures, Czechoslovakia. Contact: Doc. Inc, 
Tibor JAVOR, Dr.Sc. VUIS Lamacska 8, 81714 
Bratislava, Czechoslovakia, 


November 23-28, /992- 9th International Con- 
gress on the Chemistry of Cement, New Delhi, 
India. Contact: The Seerctary-General, 9th 
International Congress on the Chemistry of 
Cement 1992, National Council for Cemetit and 
Building Materials, M 10 South Extension II, 
Ring Road, New Delhi 110 049, India. 
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PW IBILICATIONS 





001 FERROCEMENT 
OK. Paul and k.P. Pama 


This publication discusses every aspect of 
ferrocement technology: historical background, 
constituent materials, construction procedures, 
mechanical properties and potential applications. 
The Nexicover cdition includes over 75 literature 
references on the subject. 149 pp., 74 illus, 


Surface mail Air mail 
Subscribers US$12.00 USS14.00 
Non-subscribers US$15.00 US$17.00 
002 THE POTENTIALS OF FER- 
ROCEMENT AND RELATED 
MATERIALS FOR RURAL 
INDONESIA - A FEASIBILITY 
STUDY 


K.P. Pama and Opas P hramratanapongse 


The report recommends seven potenual 
applications of ferrocement and related matenals 
found parucularly suitable for rural Indonesia. 
Good reference for volunteer groups and 
government officers involved with rural 
development 


Surface mail 
Air maul 


US$2.00 
US$4.00 


003 FERROCEMENT, A VERSATILE 
CONSTRUCTION MATERIAL: ITS 
INCREASING USE IN ASIA 


Edited by R.P. Pama, Seng-Lip Lee and Noel D. 
Vieune yer 


This report is the product of the workshop 
“Inuoduction of Technologics in Asia - 
Ferrocement, A Case Study”, joinily sponsored 
by the Asian Institute of Technology (AIT) and 
the U.S. National Academy of Sciences (NAS). 
Thirteen case studies on the ‘State-of-the-Art’ of 
ferrocement technology and applications in nine 
countrics in Asia and Australia are presented. 
106 pp., 59 illus. 


Surface mail US$2.00 
Air mail US$4.00 
104 FERROCEMENT AND ITS 


APPLICATION - A BIBLIOGRAPHY, 
Volume | 


It presents acomprchensive listofreferences 
covering all aspecis of ferrocement technology 
and its applications. This first volume lists 736 
references classified according to subject and 
author indices. All listed refercences are 
available at IFIC which can provide photocopies 
on request at nominal cost. Ideal for researchers 
and amateur builders. 56 pp. 


US$2.00 
US34.00 


Surface mail 
Air mail 


005 DOIT YOURSELF SERIES 


To accelerate transfer of ferrocement 
tcchnology to developing countrics, IFIC has 
published the following eight Booklets in the Do 
It Yourself Series: 


Ferrocement Grain Storage Bin- Booklet No. i 
ferracement Water lank - Booklet Na. 2 
Ferrocement Biogas Halder — - Booklet Ne. 3 
Ferrocement Canoe - Booklet No. 4 


Cost per Booklet 
Surface mail 
Air mail 


US$2.00 
US$4.00 


Ferrocement Roofing Element - Booklet No, 3 
Ferrocement Biogas Digester - Booklet No.6 
Ferrocement Canal Lining - Booklet No. 7 
Ferrocement Pour-Flush Latrine- Booklet No. & 


Cost per Booklet 
Surface mat 
Air mau 


LISS4.00 
S$6.00 


The descriptive text in cach booklet is in a 
nontechnical language, Matcrial specifications, 
material estimations, construction and post- 
construction operation of cach utility structure 
are weil discussed, Construction drawings and 
construction guidelines to ensure better 
workmanship and finished structures are 
presented. Also included are additional readings 
and sample calculations. 


006 FOCUS 

This pamphlet introduces fcerrocement as 2 
highly versatile form of reinforced concrete used 
for construction with a minimum of skilled 


labour. Published in Bengali, Burmese, Chinese, 


English, French, Hindi, Indonesian, Japanese, 
Nepalese, Pilipino, Portugucse, Singhalese, 
Spanish, Swahili, Tamil, Thai, Urdu. These 
pamphlets could be obtained FREE of Charge. 
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007 SLIDE PRESENTATION SERIES 


Construction of Ferrocement Water Tank 
- Series No, i 

An Introduction to Ferrocement 
- Series No, 2 

Ferrocement - A Technology for Housing 
- Series No, 3 

tistorical Development of Ferrocement 
- Series No. 4 

Introducing Bamboo as Reinforcement 
- Series No, 5 


Each set contains 30 color slides wih a 
description of each slide on an accompanying 
booklet. Additional background information are 
included where appropriate. The slide sets listed 
are intended for use in schools, colleges, traning 
centers and will be equally useful [or 
organizations involved in rural development. 


Air mail 
US$15.00 
US$20.00 


Cost per Series 
Developing countrics 
Developed countrics 


008 FERROCEMENT APPLICATIONS: 
STATE-OF-THE-ART REVIEWS 


Volume | 


This volume is the compilation of the State- 
of-the-Art Reviews published in the Journal of 
Ferrocement. A valuable souree volume that 
summarizes published information before 
January 1982, 


US$ 8.00 
USS 10.00 


Surface mail 
Air mati 


009 HOUSING BIBLIOGRAPHY 


Specialized Bibliographies Vol. 1 

Housing Bibliography includes all 
references available at JFIC on housing, 
constructed in situ and prefabricaicd. 


US$2.00 
USt4.00 


Surface mail 
Air mail 
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010 INTERNATIONAL DIRECTORY OF 
FERROCEMENT ORGANIZATIONS 
AND EXPERTS 1982-1984 


This directory is an inderpensable source for 
decision making to select Cirms/experts for 
ferrocement related design, construction and 
engineering services. 

226 firms and experts present their 
eapabilitics and experience. In addition, they are 
indexed by types of services performed and by 
peapraphic locauion of their offices. 


Surface mail Air mail 
For Experts and Firms US$ 5.00 US$ 7.00 
listed in the directory 
List price 


US$15.00 US$17.00 


011 PROCEEDINGS OF THE SECOND 
INTERNATIONAL SYMPOSIUM ON 
FERROCEMENT 


Edited by: L. Robles-Austriaco, R.P. Pama, K. 
Sashi Kwnar and E.G. Mehta. 


The proceedings provide an opportunity to 
review and updale the existing knowledge and 
further understand the latest developments and 
progress made in [errocement technology. 

List price: USS 60.00 
(surface postage included) 


Air mail postage 
Asta 
Others 


USS 5.00 
US$ 12.00 
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012 LECTURE NOTES: SHORT COURSE 
ON DESIGN AND CONSTRUCTION 
OF FERROCEMENT STRUCTURES 


This is a compilation of the lecture notes of 
the Short Course on Design and Construction of 
Ferrocement Structures held at the Asian 
institute of Technology, Bangkok, Thailand, 
8-12 January 1985. This publication contains 
every aspect of ferrocement from its historica! 
background and constiuent materials to the 
construction procedures. An important feature of 
the lecture notes is the design criteria for 
ferrocement including examples of analysis 
problems based from the “ACI Design Guide for 
Ferrocement.” 


US$45.00 
(surface postage included} 


List price: 


Air mail postage 
Asia 
Others 


US$ 5.00 
US$12.00 


013 FERROCEMENT ABSTRACTS 


Each volume contains 300 abstracts on 
ferrocement icchnology. Each abstract is 
numerically coded and indexed by keywords, 
authors and ulles, 


Volume i Volume 2 
Surface mail US$4.00 USS6.00 
Air mail US$6.00 USS8.00 
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JOURNAL OF FERROCEMENT 


SUBSCRIPTION RATES 


The annual subscription rates in US$ for the Journal of Ferrocement (inclusive of postage by 


surface mail) are as follows: 


Region 
A. North Amenca, Europe, Australia, 
New Zealand, Middle East and Japan 
B,. Countries other than those listed in 
Region A 


Multi-year Subscription Discounts 


status Rate 
Individual 36.00 
Institutional 70.00 
lndividual 220K) 
insututional 40,00 


AFT Alumni Others 

l to 2 years: 15% I to 2 years: 10% 
3104 years: 18% 3104 years: 15% 
5 years: 20% 5 years: 20% 


We encourape subscrippon to the Journal of Ferrocement through air mail, i which case the 
following cxtra charges in USS arc to be added Lo the annual subscription rates as specified above: 


Region 
Asia 
Gceania, Europe and Africa 
America 


MODES OF PAYMENT 


Additional charge 
USS 6.00 
USS$10.00 
US$812.00 


All payments (subscription fees, advertisement fecs and service fces) are to be paid in advance 
and can be made by bank ctralt, cashier's cheque or international moncy order in US dollars in favor 


of IFIC. 


RACK ISSUES 
Special Issues 
* Marine Applications 
(Vol. 10, No. 3, July 1980) 
* Housing Applications 
(Vol. 11, No.1, January 
* Water Decade 
(Vol. 1, No, 3, July 1981) 


Cost per issue* 


198t} 


Surface mail Air matl 
USS 6.00 US$ 8.00 
US$12.50 US$14.50 


Individual 
institutional 


* Agricultural Applications 
(Vol. 12, No. 1, January 1982) 

* Prefabricated Ferrocement Housing 
(Vol, 13, No. 1, January 1983) 

* Water Resources Structures 
(Vol. 14, No. 1, January 1984) 

* Prefabrication & Industrial Applications 
(Vol. 16, No. 3, 1986) 

* Fiber Reinforced Cement Structures 
(Vol, 18, No. 3, 1988) 


Cost per issue* 


Surface mail Air mail 
fndividual US$ 7.50 US$ 9.50 
institutional US$15.00 US$17.00 
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Regular Issues 


Vol. § (all issucs) 

Vol. 9 (all issues) 

Vol, 10 (No. 1, No.2, No. 4) 
Vol. 11 (No. 2, No. 4) 


Cost per issue* 

individual Institutional 
US$3.75 US$ 7.50 
US$6.00 US$12.50 


Developing countries 
Developed cauniries 


Val, 12 (No. 2, No. 3, No. 4) 
Vol. 13 (No. 2, No. 3, No. 4) 
Yol. 14 (No. 2, No. 3, No. 4) 
Vol. 15 (all issucs} 


Cost per issue* 

Individual institutional 
US84.50 USS 9.00 
USS7.50 US$15.00 


Developing countries 
Developed countries 


31? 


Vol. 16 (No, 2, No, 3, No. 43 
Vol. 17 (all issues) 
Vol. 18 (Na. 1, No. 2, No. 4) 


Cost per issue* 

individual Institutional 
US$5.50 US$10.00 
US$9.00 US$17.50 


Developing countries 
Developed countries 


Vol. 7, Nos. 1 and 2 are out of print. 
Photocopies of individual articles from these 
issues could be ordered at USSO.15 per page for 
developing counuics and USSO.20 per page for 
developed countries. Cost inclusive of surface 
postage. 


* Inclusive of surface mail postage 
Add US$2.00 per issue for air mail postage 
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Improve your expertise 
Learn more about management of specialized information centres/services 
Gain rapid promotion 
AIT/LRDC invites you to attend 


COURSE ON INFORMATION TECHNOLOGY 
AND COMPUTERIZED LIBRARY SERVICES 


This three-month course will provide an un- For details contact: 
derstanding of the major theones and pnnci- Director 
ples for today's library and automated infor- Library and Regional Documentation Center 


Mation services, giving libranans and subject Asian Institute of Technology 
specialists an opportunity to upgrade their P.O. Box 2754 


knowledge and exapenence with modem coim- Bangkak 105{)], Thailand 
putenzed information management technole- Tel. S290100-13 
BY Telex. 84276 TH 


NICMAR 


JOURNAL OF CONSTRUCTION MANAGEMENT 


A quarterly journal devoted to the study and practice of management in 
construction industry. The journal focuses on the management aspects of 
civil works. Its areas of interest include: 


e Energy e Infrastructure 
Safety Transportation 
Habitat Social Services 
Buildings Communications 


irrigation Rural Development 
Environment 


Subscription Rate 
Indian : Rs. 160 per annum 
Foreign : US$ 60 per annum 
(including postage and bookpost airmail abroad) 


For subscriptions and advertisements, please write to: 
Publication Officer, 

Documentation Centre, 

National Institute of Construction Management and Research, 
Waichand Centre, Terdeo Road, 

BOMBAY 400 034, India. 
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JOURNAL OF FERROCEMENT 


Aims and Scope 


The Journal of Ferrocement is published quarterly by the [International Ferrocement Information Center 
CIFIC) at the Asian Institute of Technology. The purpose of the Journal is fo disscminaie the latest research 
iindings on ferrocement and other related materials and to encourage their practical applications especially in 
developing countries. The Journal is divided into four main sections: 

(a) Papers on Research and Development 

(b) Papers on Applications and Techniques 

(c) Technical Notes 

(d) Bibliographic List, News and Notes, Intermational Mcetings, Book Keviews, and Abstracts. 


Notes for the Guidance of Authors 


Original] papers or lechnical notes on ferrocement and other related materials and their applications arc 

solicited. Manusenpts should be submiited ta: 
The Editor 
Journal of Ferrocement 
IFiC/AIT 
G.P.0, Box 2754 
Bangkok 10501 
Thailand 

Papers submitted will be reviewed and accepted on the understanding that they have not been published 
elsewhere prior to thei publication in the Journal of Ferrocement. There is no limit to the length of contributions 
but itis suggested that a maximum length of 12,04K) word-cquivalent be used asa guide (approximately 
[5 pages), 

1. The complete manuscripl should be written in English and the desired order of contents is Title, 
Abstract, List of Symbols, Main Text, Acknowledgements, References and Appendices. The Standard 
International System of Units (ST) should be used. 

2. The manuscript shoukl be typed on one side of the paper only {preferably 81/2" x 11" bond paper) 
with double spacing between lines and a 1 1/2 in. margin on the lel. 

4. ‘Two copies of the manuscript and ilustrations (one set original) should be sent Lo the Edttor., 

4. The uve should be brief (maximum of 150 characters including blank in between words orather nen- 
| a;phabeucal churaciers) and followed by the author’s name, affiliation and address. 

5. The abstract should be brie!, setf-cantained and explicit. The suggested length is about }S0 words. 

6, Intemationally accepted standard symbols should be used. [n the list of synibois Roman letters 
should precede Greek letters and upper case symbols should precede lower case. 

7. Eachreference should be numbered sequentially and these numbers should appear in square brakels 
[ Jan the text. 

Typical examples are: 

t.  Broutunan, LJ., and Krock, R.H. 1967, Modern Composite Material, London: Addisun- 
Wesley Publishing Co. 

2. Daranandana, N.; Sukspaddhanadhi, N.; and Disathien, P. 1969. Ferrocement tor Construction 
of Fishing Vessels, Report No. 1, Applied Scienuie Research Corporation of Thailand, 
Bangkok. 

3. Naaman, A.E., and Shah, 8.P. $972. Tensile (esis of Ferrocement. ACT /ournal 68.9): 693-698, 

4. Raisinghani, M. 1972. Mechanical Properties of Ferrocement Slabs. M. Eng. Thesis, Asian 
Institule of Technology, Bangkok. 

8. Graphs, charts, drawings, skciches and diagrams should be drawn tn black ink on tracing or white 
drawing paper. Illustrations should preferably be drawn on 81/2" x 11" sheets. Photographs should be black 
and white prints on guissy paper and preferably 3 1/2 in. a 7 in. size. 

9, [lhustrations should be numbered consecutively and given proper legends and should be attached to 
the end of the manuscript. 
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